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PCT/KROO/00104 

P/ NT COOPERATION TREAT 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Assistant Commissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 

lb October zUUU (lo.lU.UU) 




International application No. 
PCT/KROO/00104 


Applicant's or agent's file reference 
PC91143/HMY 


International filing date (day/month/year) 
11 February 2000(11.02.00) 


Priority date (day/month/year) 

11 February 1999 (11.02.99) 


Applicant 

HAN, Jae, Yong et al 



1. The designated Office is hereby notified of its election made: 

, | X | in the demand filed with the International Preliminary Examining Authority on: 
06 September 2000 (06.09.00) 

| | in a notice effecting later election filed with the International Bureau on: 



2. The election | X| was 

| | was not 

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 


The International Bureau of WIPO 


34, chemin des Colombettes 


Juan Cruz 


1211 Geneva 20, Switzerland 




Facsimile No.: (41*22) 740.14.35 


Telephone Na: (41-22) 338.83.38 


Form PCT/1B/331 (July 1992) 


KR0000104 



BEST AVAILABLE COPY 
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SUBMISSION OF CORRECTION 




To : 


Commissioner of 










the Korean Intellectual Property Office 








International 
Application No. 


PCT/KR00/00104 


International 
Filing Date 


11 February 2000 
(11. 02. 2000) 


Priority Date 


11 February 1999 
(11. 02. 1999) 




Name 


HAN, Jae Yong et 


Residence 




Country of 


Republic of 


Applicant 


al 


Reg. No. 




Nationality 


Korea 




Address 


Dongbo Apt. 101-513, Yongin 3 cha, Suji, Yongin-city, Kyonggi-do 449-840, 




Republic of Korea 












Name 


JANG Seong Ku 
KWON Young Mo 


Agent's Code 


9-1998-000514-8 
9-1998-000066-6 


Tel. No. 


82-2-589-0001 


Agent 


Address 


17th Floor, KEC Building, #275-7, Yangjae-dong, Seocho-ku, Seoul 137-130, 
Republic of Korea 




□ Submitted hereby is a correction pursuant to Article 106-33(2) 








of the Enforcement Regulations of the Patent Law. 








21 Submitted hereby is a correction pursuant to Article 106-36(3) 








of the Enforcement Regulations of the Patent Law. 










Date(day/month/year ) 1 1/07/2001 










Applicant (Agent) 


JANG Seong Ku (Seal) 
KWON Young Mo (Seal) 




^ Attached Document(s) : 










1. 


Two copies of written amendments 








2. 


A copy of the document(s) substantiating the power of attorney, if any 





PAT^^T COOPERATION TREATY 

PCt 

INTERNATIONAL SEARCH REPORT 
(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 
PC91143/HMY 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Form PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No. 
PCT/KROO/00104 


Intrenationai filing date (day/mont/i/year) 
1 1 FEBRUARY 2000 (1 1.02.2000) 


(Earliest) Priority Date (day/month/year) 
11 FEBRUARY 1999 (11.02.1999) 


Applicant 
HAN, Jae Yong et al 



to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 3 sheets. 

| | it is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I 1 the international search was carried out on the basis of a translation of the international application furnished to this 

1 1 Authority (Rule 23. 1(b)). 

b. With regard to any nucleotide andA>r amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

I 1 the statement that the subsequenlty furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 

| 1 the statement that the information recorded in computer readable form is identical to the written sequence listing has been 

furnished. 

[ | Certain claims were found unsearchable (See Box I). 
| | Unity of invention is lacking (See Box II). 
With regard to the title, 

[X | the text is approved as submitted by the applicant. 

| 1 the text has been established by this Authority to read as follows: 



With regard to the abstract, 

[X | the text is approved as submitted by the applicant. 

| [ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box HI. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawing to be published with the abstract is Figure No. 



[X~| as suggested by the applicant. □ None of the figures. 

| | because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 



INTERNATIONA 



RCH ftEPORT 



| PC 



rnational application No. 
PCT/KR0O/0OIO4 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC7 C12N5/00 

According lo International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimun documentation searched (classification system followed by classification symbols) 
IPC7C12N 5/00 



Documentation searched other than minimun documentation to the extent that such documents are included in the filcds searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search trerms used) 
NCBI pubmed "primordial germ cells", IBM patent database 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Cell Biol Int, Aug 1997, Vol 21, No 8, pages 495-499 
page 496, line 13-26 
page 496, line 28-47 

Transgenic Res. Jul 1998, Vol 7. No 4. pages 247-252 
page 248 



Mol Rcprod Dev. Oct 1994. vol 39. No 2. pages 153-61 
page 1 34. 1 55 



Cell Biol Int. Jul 1995, Vol 19. No 7. pages 569-76 



Proc Natl Acad Sci USA.. Nov 1998, vol 95, No 23, pages 13726-31 
page 13726, 13727 

Nature, Oct 1991, vol 353, pages 750-752 



Relevant to claim No. 



A 
A 

X 



A 



1-19 

20-23 

24, 25 



20-23 



20-23 



1-19 



1-19 



^ Further documents arc listed in the continuation of Box C. 



| | See patent family annex. 



Special categories of cited documents: 
" document defining the general state of the art which is not considered 
to be of particular re I even cc 
"E" earlier application or patent but published on or after the international 
filing date 

V document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 

O" document referring to an oral disclosure, usc t exhibition or other 
means 

P" document published prior to the international filing date but later 
than the priority date claimed 



"T" later document published aAer the international filing date or priority 

date and not in conflict with the application but cited lo understand 

the principle or theory underlying the invention 
"X" document of particular relevence: the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 

step when the document is taken alone 
"Y" document of particular relevence; the claimed invention cannot be 

considered lo involve an inventive step when the document is 

combined with one or more other such documents.such combination 

being obvious to a person skilled in the art 
"&" document member of the same patent family 



Date of the actual completion of the international search 
26 APRIL 2000 (26.04.2000) 



Date of mailing of the international search report 
02 MAY 2000 (02.05.2000) 



Name and mailing address of the ISA/KR 
Korean Industrial Property Office 

Government Complex-Tacjon. Dunsan-dong, So-ku, Taejon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7140 



Authorized officer 

LIM. Hea Joon 
Telephone No. 82-42-481-5610* 



Form PCT/ISA/210 (second sheet) (July 1998) 



m I 



INTERNATIONAL^H^RCH REPORT 



rnational application No. 
PCT/KROO/00104 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Cell, Sept 1992, vol 70 pages 841-847 
page 84 1 



J Exp Zool, Feb 1998, vol 280, No 3, pages 265-7 
page 266, 

Biol Reprod, May 1998, vol 58, No 5, pages 1321-9 



Biol Reprod, Nov 1998, vol 59, No 5, pages 1224-9 
page 1224 



US 5340740 A (James N. Petitte) 23 Aug 1994 (23. 08. 94) 
page 3, column 2, line 15-59 



1-19 



20-23 



1-25 



1-19 



1-19 



Form PCT/ISA/2 10 (continuation of second sheet) (July 1998) 




~— — For receiving Office use only 
International Application No. 



International Filing Date 



Name of receiving Office and "PCT International Application 1 



Applicant's or agent's file reference 

(if desired) (12 characters maximum) PC91143 /HMY 



Box No. I TITLE OF INVENTION 

AVIAN PLUR I POTENT EMBRYONIC GERM CELI 


, LINE 


Box No. II APPLICANT 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 

HAN Jae Yong 

• Dongbo Apt. 101-513, Yongin 3 cha, Suji, 

Yongin-city, Kyonggi-do 449-840, Republic of Korea 


| x | This person is also inventor. 
Telephone No. 

Facsimile No. 

Teleprinter No. 


State (that is, country) of nationality: 

KR 


State (that is, country) of residence: 

KR 


This person is applicant f— | all designated | 1 all designated States except I 1 the United States 1 1 the States indicated in 

for the purposes of: LiLJ States |_| the United States of America |_J of America only 1 1 the .^£2 Box 


Box No. Ill FURTHER APPLICANT^) AND/OR (FURTHER) INVENTOR(S) 


Name and address: /Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The countryofthe 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 

Hanmi Pharm. Co., Ltd. 

#893-5, Hajeo-ri, Paltan-myeon, Hwaseong-gun, 
Kyungki-do 445-910, Republic of Korea 


This person is: 

| X | applicant only 

| | applicant and inventor 

| | inventor only (If this check-box 
is marlced, do not fill in below) 


State (that is, country) of nationality: 

ICR 


State (that is, country) of residence: 

KR 


This person is applicant i i all designated [771 all designated States except 1 1 the United Slates 1 1 the States indicated in 

for the purposes of: 1 1 States L2U the United Stales of America |_J of America only I | {he Sup^S 


( x) Further applicants and/or (further) inventors are indicated on a continuation sheet 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf f— i i — i 

of the applicant(s) before the competent International Authorities as: L2LI ae L 1 comm on representative 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country.) 

JANG Seong Ku / KWON Young Mo 

17th Fl., KEC Building, #275-7, Yang jae-dong, 
Seocho-ku, Seoul 137-130, Republic of Korea ] 


Telephone No. 

82-2-589-0001 
Facsimile No. 

82-2-589-0002 
Et Mail' Address 
f irstlaw@uni tel . co . kr 


1 Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
1 — 1 space above is used instead to indicate a special address to which correspondence should be sent 



Form PCT/RO/1 0 1 (first sheet) (July 1 998; reprint January 2000) See Notes to the request fc 



PCT 



REQUEST 



The undersigned requests that the present 
international application be processed . 
according to the Patent Cooperation Treaty. 



Sheet No. 



Continuation of Box No. Ill FUOTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



If none of the following sub-boxes is used, this sheet should not be included in the request 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant s State (that is, country) of residence if no State 
of residence is indicated be low J 

PARK Tae Sub 

Satbyeol Apt. 606-1106/ Dalan-dong/ Dongan-gu/ 
Anyang-shi/ Kyonggi-do 431-058/ Republic of Korea 


This person is: 

| [ applicant only 

| x | applicant and inventor 

| | inventor only (If this check-box 
is marked do not fill in below.) 


State (that is, country) of nationality: 


State (that is, country) of residence: 

KR 


This person is applicant I | all designated | 1 all designated States except r—i the United States | 1 the States indicated in 

for the purposes of: | | States | | the United States of America 1 A | of America only | | the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 


This person is: 

| | applicant only 

| | applicant and inventor 

| | inventor only (If this check-box 
is marked, do not fill in below.) 


State (that is, country) of nationality: 


State (that is, country) of residence: 


This person is applicant i | all designated 1 1 all designated States except | 1 the United States | 1 the States indicated in 

for the purposes of: I I States | | the United States of America | | of America only | | the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no Stale 
of residence is indicated below.) 


This person is: 

| | applicant only 

| | applicant and inventor 

1 1 inventor only (If this check-box 
1 — 1 is marked, do not fill in below.) 


State (that is, countiy) of nationality: 


State (that is, countiy) of residence: 


This person is applicant | | all designated 1 1 all designated States except i 1 the United States | 1 the States indicated in 

for the purposes of: 1 | States | | the United States of America | | of America only | | the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. Tlie country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 


This person is: 

| | applicant only 

| | applicant and inventor 

| | inventor only (If this check-box 
is marked, do not fill in below.) 


State (that is, countiy) of nationality: 


State (that is, countiy) of residence: 


This person is applicant | | all designated | I all designated States except | 1 the United Slates | 1 the States indicated in 

for the purposes of: 1 1 Stales | | the United States of America | | of America only | | the Supplemental Box 


| Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Form PCT/RO/1 0 1 (continuation sheel) (July 1 998; reprint January 2000) See Notes to the request form 



Box No.V 



DESIGNATION O 



Sheet No. 



ATES 




The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one must be marked): 
Regional Patent 

□ AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, SD Sudan, SL Sierra Leone, SZ Swaziland, 

TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is a Contracting State of the Harare 
Protocol and of the PCT 

□ EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova, 

RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian Patent 
Convention and of the PCT 

0 EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg] 
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State of the European Patent 
Convention and of the PCT 

□ OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cdte d'lvoire, CM Cameroon, 

GA Gabon, GN Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any 
other State which is a member State of OAPI and a Contracting State of the PCT (if other kind of protection or treatment desired, 
specify on dotted line) 

National Patent (if other kind of protection or treatment desired, specify on dotted line): 

□ AE United Arab Emirates rj LR 

□ AL Albania □ LS 

PI AM Armenia r-j 



Liberia 

Lesotho 

Lithuania 
Luxembourg 
Latvia 

Morocco 

Republic of Moldova 
Madagascar 



□ AT Austria f-| LU 

Qjc] AU Australia □ uy 

□ AZ Azerbaijan □ jviA 

□ BA Bosnia and Herzegovina □ jy^p 

□ BB Barbados □ MG 

□ BG Bulgaria □ MK The former Yugoslav Republic of Macedonia 

□ BR Brazil 

□ BY Belarus □ MN Mongolia 

H CA Canada □ MW Malawi 

□ CH and LI Switzerland and Liechtenstein □ MX Mexico 
t3 CN China □ NO 

□ CR Costa Rica □ NZ 

□ CU Cuba □ PL 

□ CZ Czech Republic □ PT 

□ DE Germany □ HQ 

□ DK Denmark g] mj 



PI DM Dominica 



□ SD 



□ EE Estonia □ SE 

□ ES Spain □ SG 

□ FI Finland □ SI 

□ GB United Kingdom □ SK 

□ GD Grenada □ SL 

□ GE Georgia □ T J 

□ GH Ghana □ TM 



□ GM Gambia 



□ TR 



Croatia Q XT 

Hungary □ TZ 



□ UA 

□ UG 
0 US 

□ UZ 



Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Tajikistan , 

Turkmenistan 

Turkey 

Trinidad and Tobago 

United Republic of Tanzania 

Ukraine 

Uganda 

United States of America . . 



□ HR 

□ HU 

□ ID 

□ IL 

□ IN 

□ IS 

El JP 

□ KE 

□ KG 

□ KP 

□ KR 

□ KZ 

□ LC 

□ LK 

Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the applicant 
at the expiration of that lime limit (Confirmation (tncludingfees) must reach the receiving Office within the J 5-month time limit.) 



Indonesia 

Israel 

India 

Iceland 

Japan 

Kenya □ VN 

Kyrgyzstan □ YU 

Democratic People's Republic of Korea □ ZA 

□ ZW Zimbabwe . . . 

Republic of Korea Check-boxes reserved _ 

Kazakhstan become party to the PCT after issuance 

Saint Lucia 

Sri Lanka d 



Uzbekistan . 
Viet Nam . . 
Yugoslavia . 
South Africa 



for designating States 
of this sheet: 



which have 



Form PCT/RO/101 (second sheet) (January 2000) 



See Notes to the request form 



Box No. VI PRIORITY CLAI 



Shccl No. 



I | Further priority cla^re are indicated in the Supplemental Box. 



Filing date 
of earlier application 
(day/monih/year) 



Number 
of earlier application 



Where earlier application is: 



national application: 
country 



regional application:* 
regional Office 



international application: 
receiving Office 



item (1) 

11 February 1999 

(11. 02. 99) 
item (2) 



1999-4860 



KR 



item (3) 



□ The receiving Office is requested to prepare and transmit to the International Bureau a certified copy 
of the earlier application(s) (only if the earlier application was filed with the Office which for the 

purposes of the present international application is the receiving Office) identified above as item(s): 

* Where the earlier application is an ARIPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protection of Industrial Property for which that earlier application was filed (Fide 4J0(b)Qi)). See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 

(if two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen; the two-letter code may be used) : 

ISA/ KR 



Request to use results of earlier search; reference to that search Of an earlier 
search has been carried out by or requested from the International Searching Authority): 



Date (day/month/year) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request : 4 

description (excluding 

sequence listing part) : 17 

claims : 3 

abstract : 1 

drawings : 5 

sequence listing part 

of description : 2 



Total number of sheets 



32 



This international application is accompanied by the item(s) marked below: 

1. 0 fee calculation sheet 

2. [3 separate signed power of attorney 

3. □ copy of general power of attorney; reference number, if any: 

4. □ statement explaining lack of signature 

5. [x] priority documents) identified in Box No. VI as item(s): ( 1 ) 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. (x] nucleotide and/or amino acid sequence listing in computer readable form 

9. □ other (specify): ^ 



Figure of the drawings which 
should accompany the abstract: 



Fig. la 



Language of filing of the 

international application: English 



Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request). 

JANG Seong Ku (Seal) 



KWON Young Mo (Seal) 



1 1. Dale of actual receipt of the purported 
| international application: 


2. Drawings: 
| | received: 

| | not received: 


1 3. Corrected date of actual receipt due to later but 
1 timely received papers or drawings completing 
| the purported international application: 


1 4. Date of timely receipt of the required 
1 corrections under PCT Article 1 1 (2): 


1 5. International Searching Authority to a / 
1 (if two or more are competent): l^A / 


6. 1 1 Transmittal of search copy delayed 
1 — 1 until search fee is paid. 



For International Bureau use only — 



Date of receipt of the record copy 
by the International Bureau: 

Form PCT/RO/101 (last sheet) (July 1998; reprint January 2000) See Notes to the request fc 



* The demand must be filed directly with the competent International Preliminary examining Authority or, if two or more Authorities are competent, 
with the one chosen by the applicant. The full name or two-letter code of that Authority may be indicated by th applicant on th line below-' 



IPEA/ 



KR 



PCT 

DEMAND 

under Article 31 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States(except where otherwise indicates). 



CHAPTER n 



For International Preliminary Examining Authority use only 



Box No. I IDENTIFICATION OF THE INTERNATIONA 


L APPLICATION 


Applicant's or agent's file reference 

PC91143/HMY 


International application No. International filing 6ate( day/month/year) 
PCT/KR00/00104 ll February 2000 (11. 02. 00) 


(earliest)Priority datef day/month/year) 
11 February 1999 (11. 02. 99) 


Title of invention 

AVIAN PLURIPOTENT EMBRYONIC GERM CELL LINE 


Box No. II APPLICANT(S) 


Name and address '-(Family name followed by given name: for a legal entity, full official designation. 
The address must include postal code and name of country.) 

HAN Jae Yong 

Dongbo Apt. 101-513, Yongin 3 cha, Suji, Yongin city, 
Kyonggi-do 449-840, Republic of Korea 


Telephone No.: 


Facsimile No.: 


Teleprinte No.: 


State( that is, country )oi nationality: 

KR 


Statef that is, country Oof residence: 

KR 


Name and address'-( Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 

Hanmi Pharm. Co., Ltd 

#893-5, Hajeo-ri, Paltan-myeon, Hwaseong-gun, Kyungki-do 445-910, 
Republic of Korea 


State/ that is, country )of nationality: 

KR 


State(that is, country hi residence: 

KR 


Name and address '-(Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 

PARK Tae Sub 

Satbyeol Apt. 606-1106, Dalan-dong, Dongan-gu, Anyang-shi, 
Kyonggi-do 431-058, Republic of Korea 


Stated that is, countryhf nationality: 

KR 


Stated that is, country )oi residence: 

KR 


1 1 Further applicants are indicated on a continuation sheet. 



Form PCT/IPEA/401 (first sheetXJuly 1998; reprint January 2000) 



See Notes to the demand form 



A 



Sheet No 2 



International application No 

PCT/KR00/00104 



Box No. ffl AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is |x | agent | | common representative 

and |x | has been appointed eariier and represents the applicant(s) also for intemationai preliminary examination. 

| | is hereby appointed and any earlier appointment of (an) agent(s)/cornrnon representative is hereby revoked 

□ is hereby appointed, spedficaly for the procedure before before the International Preliminary Examining Authority, In addition to 
the agent(s)/cornmon reprsentative appointed eariier. 



Name and address '(Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country.) 

JANG Seong Ku 

17th Fl., KEC Building, #275-7, Yangjae-dong, Seocho-ku, 
Seoul 137-130, Republic of Korea 



Telephone No.: 

82-2-589-0001 



Facsimile No.: 

82-2-589-0002 



Teleprinte No.: 



□ 



Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and 
the space above is used instead to indicate a special address to which correspondence should be sent 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments: 

1. Hie applicant wishes the international preliminary examination to start on the basis of: 

the intemationai application as originally filed 
| | as originally tiled 
| | as amended under Article 34 

[ 1 as originally filed 

| | as amended under Article 19 (together with any accompanying statement) 
| | as amended under Article 34 

[ | as originally filed 
| | as amended under Article 34 

2. I I The applicant wishes any amendment to the claims under Article 19 to be considered as reversed 

3. I I The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 

20 months from the priority date unless the International preliminary examining Authority receives a copy of any 
amenornents made under Article 19 or a notice from the applicant that he does not wish to make such ainendrnents(Rule 69.1(d)). 
(This cheekrbcx may be marked only where the time limit under Article 19 has not yet expired) 

* Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, wher a copy of amendments to the claims under Article 19 and/or amendrnents of the international 
application under Article 34 are received by the International prelirrinary exarrirdng Authority before it has begun to draw up a witten 
opinion or the intemationai preliminary examination report; as so amended 



the description 



the claims 



the drawings 



Language for the purposes of international preliminary examination: English 
1 X | which is the language in which the international application was filed 
I 1 which is the language of a translation furnished for the purposes of international search. 
I I which is the language of publication of the intemationai application. 

| | which is the language of a translation (to be) furnished for the purposes of intemationai preliminary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible Statesftta is, all States which have been designated and which are bound by Chapter D cf 
the PCT) 

Excluding the following States which the applicant wishes not to elect: 
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Sheet No 3 



International application No 

PCT/KR00/00104 



Box No. VI CHECK LIST 



The demand is accompanied by the following elements, in the language 
Box No. IV, for the purposes of international preliminary examination^ 



1. translation of international application 
Z amendments under Article 34 

3. copy(or, where required, translationtof 
amendment under Article 19 

4. copy(or, where required, translationbf 
Statement under Article 19 

5. letter 

6. otherf specify) 



referred to in 

sheets 
sheets 

sheets 

sheets 
sheets 

sheets 



For International Preliminary 
Examining Authority use only 



received 

□ 
□ 

□ 

□ 
□ 
□ 



Not received 



□ 
□ 

□ 

□ 
□ 
□ 



The demand is also accompanied by the item(s) marked below: 

1. [xj fee calculation sheet 4 

2. separate signed power of attorney 5. 

o I I copy of general power of attorney; g 
I— I reference number, if any: 



| | statement explaining lack of signature 

□ nucleotide and or amino acid sequence 
listing in computer readable form 

| | other( specify)' 



Box No. VH SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



Next to each signature, indicate the name of th person signing and the capacity in which the person sings( if such capacity is not obous from reading the demand). 



JANG Seong Ku (<?1) 



For International Preliminary Examining Authority use only 



1. Date of actual receipt of DEMAND: 



Z Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b) 



I — | The date of receipt of the demand is AFTER the expiration of 19 months I I The applicant has been 
3 - I — I from the priority date and item 4 or 5, below, does not apply. ■ — « informed accordingly. 



I — I The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 
4 I— I Rule 80.5 



^ r— | Although the date of receipt of the demand is after the experation of 19 months from the priority date, the delay in 



arrival is E30JLEED pursuant to nie 82 



. For International Bureau use only 



Demand received from LPEA on: 



Form PCTAPE A/401 (last sheetXJuly 1998; reprint January 2000) 



See Notes to the demand form 
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NT COOPERATION TREAT 



Froin the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

JANG, Seong Ku 

17lh FI., KEC Bldg., 275-7 Yangiac-dong, Seocho-gu ; Seoul 
137-070, Korea 


PCT 

WRITTEN OPINION 
(PCT Rule 66) 


Date of mailing 

(day/monMyear) 09 JULY 200 1 (09 07.200 1 ) 


Applicant's or agent's file reference 
PC91143/HMY 


REPLY DUE within 1 months from 
the above date of mailing 


International application No. 

PCT/KR00/00104 


International filing date (day/month/year) 
1 1 FEBRUARY 2000 (11. 02.2000) 


Priority date(day/month/year) 

11 FEBRUARY 1999(11.02.1999) 


International Patent Classification (IPC) or both national classification and IPC 
IPC7 C12N5/00 


Applicant 

HAN, JaeYong et al 



1 . This written opinion is the 



first 



(first,etc.) drawn by this International Preliminary Examining Authority. 



2. This opinion contains indications relating to the following items: 

I Basis of the opinion 

II | | Priority 

rrj | | Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

| | Lack of unity of invention 

r— I Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 

— ' citations and explanations supporting such statement 

| | Certain documents cited 

VII | [ Certain defects in the international application 

VHI | j Certain observations on the international application 

3. The applicant is hereby invited to reply to this opinion. \. 

When ? See the time limit indicated above. The applicant may, before the expiration of that time limit, request this Authority 

to grant an extension, see Rule 66.2(d) 
How ? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3 

For the form and the language of the amendments, sec Rules 66.8 and 66.9 
Also For an additional opportunity to submit amendments, see Rule 66.4 

For an examiner's obligation to consider amendments and/or arguments, seeRule 66.4bis 

For an informal communication with the examiner, see Rule 66.6 
If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 01 JUNE 2001 (01.06.2001) 






Name and mailing address of the IPEA/KR 

Korean Intellectual Property Office 

Government Cotnplex-Daejeon, Dunsan-dong, Seo-gu, 

Dacjeon Metropolitan City 302-701 , Republic of Korea 

Facsi mi 1 e No. 82-42-472-7 1 40 


Authorized officer v . 

/ wmm \ 

LDM, Hea Joon |. | 
Telephone No. 82-42-481-5590 



Form PCT/IPEA/408 (cover sheet) (July 1998) 



WRITTEN OPINION 



InWmational application No. 
PCT/KR00/00104 



I. Basis of the opinion 



1. With regard to the elements of the international application:* 

Sthe international application as originally filed 
the description: 



I I pages 
filed 



□ 



□ 



pages 

demand 

he claims: 



pages 
filed 
pages 
19 



, as originally 
, filed with the 



, as originally 



, as amended (together with any statment) under Article 



the drawings: 



pages 
filed 
pages 
demand- 



, as originally 
, filed with the 



| — | the sequence listing part of the description: 
pages 

filed ~ 



pages - 



, as originally 
, filed with the 



2. With rsgard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which 



which 



the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)), 
| | the language of publication of the international application(under Rule 48.3(b)). 

. . the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 

I — I and/ 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written opinion was 
drawn on the basis of the sequence listing: 
| | contained inthe international application in printed form. 
I | filed together with the international 

| | furnished subsequently to this Authority in written form. 
| | furnished subsequently to this Authority in computer readable form 

I — I The statement that the subsequently furnished written sequence listing does not g 
' — ' international applicationas as filed has been furinshed. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished. 




disclosure in the 



□ 



4 Q The amendments have resulted in the cancellation of: 

the description, pages 

| | the claims, Nos. 



5- □ 



| | the drawings,sheet/fig 

This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)). 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred 



to 



in this opinion as "originally filed. " 
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WRITTEN OPINION 



nternational application No. 
PCT/KR00/00104 



V. Reasoned statement under Rule 66.2(n)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I . Statement 

Novelty (N) 

Inventive step (IS) 



Claims 1-19,20-23,24,25 



Claims none 



Claims 1 19, 20-23, 



Claims 24 > 25 



Industrial applicability (IA) Claims 1-19, 20-23, 24, 25 



Claims none 



YES 
NO 

YES 
NO 
YES 
NO 



2. Citations and explanations 

Dl=Transgenic Res, Jul 1998, vol7. No 4, pp247-252 

^7l^^^(electroporation) Sfe «l-8-SM ^ ^ -n-#*r« ^H^lfe % # 

o]£ AfljfSr-i: ^i^-^-fe iJ-^oim^: "S^olM- Dl -^tHl ^1^*115. ifl^. #71 



1. 

*1^^[PCT Article 33(2)] 
2. ^liL-^ 

*I124*8- *fl25*J-s] ^Al^^Aflim^. ^71 -§^«g JEfe e}S#-gr ol-g-^j-cx) s]efl 

» S^^i ^ ^ *J-S^l7> ^7}& nfl^ls. -fr^V #°1^ ^t^rte H o v ^^r 

*Jofl <>]s)-a} ^ti^o] ^l^sj^l c»l-q^-[PCT Article 33(3)] 



Dl -g- 



3. <£<^ °l-§-7]-^-^ 
«?>^^[PCT Article 33(4)] 



Form PCT/IPEA/408 (Box V) (July 1998) 



Amendment to the Claims 

Please replace or iginal ly f i led page 20 wi th the enclosed new page 20, wherein claims 24 
and 25 are amended. 



10 



20 



pqp:ROO/oo 1 04 

IreA/KR 1 1. 07. 200L 



- 20 - 

differentiates and contributes to various tissues. 

19. The avian EG cell line of claim 16, which is a chicken 
embryonic germ cell line having characteristics substantially 
identical to that deposited under the accession number of 
KCLRF-BP-00026 . 

20. A process for preparing a somatic or germline chimera 
comprising injecting the avian EG cell of claim 16 into an egg. 

21 . The process of claim 20, wherein the EG cell is injected 
into a germinal cavity or blood vessel of the egg. 

22 . The process of claim 21, wherein the EG cell is injected 
15 into the germinal cavity of the egg at a stage X. 

23 . The process of claim 21, wherein the EG cell is injected 
into the blood vessel of the egg at a stage ranging from 13 to 
17 . 



24 . A process for transfecting a foreign gene into EG cells 
characterized by using electroporation or liposome. 



25 



25. A process for selecting stably transfected EG cells 
comprising passaging EG cells transfected by a foreign gene in 
a medium containing an antibiotic. 



:nt cooperation treaty* 

pct 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



(PCT Artcle 36 and Rule 70) 


Applicant's or agent's file reference 
PC91143/HMY 


SeeNotificationofTransmittaloflnternationalPreliminary 

FOR FURTHER ACTION r . . . D . /T7 npT/rocA/>.in 

Examination Report (Form PCT/IPEA/4 1 6) 


International application No. 

PCT/KR00/00104 


International filing date(day/nwnth/year) 
1 1 FEBRUARY 2000 ( 1 1 .02.2000) 


Priority date (day/montWyear) 
11 FEBRUARY 1999(11.02.1999) 


International Patent Classification (IPC) or national classification and IPC 




IPC7 C12N5/00 






Applicant 






HAN, Jae Yong et al 







This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
— amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of \ sheets. 



3, This report contains indications relating to the following items: 



I 




n 


□ 


m 


□ 


IV 


□ 


V 




VI 


□ 


vn 


□ 


vm 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Certain defects in the international application 




Date of submission of the demamd 

06 SEPTEMBER 2000 (06.09.2000) 


Date of completion of this report 

16 JULY 2001 (16.07.2001) 


Name and mailing address of the IPEA/KR 
Korean Intellectual Property Office 

Government Complex-Daejeon, Dunsan-dong, Seo-gu, Daejeon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7140 


Authorized officer ^ ,, v 

LEM, Hea Joon t £~x§ § 
Telephone No. 82-42-481-5590 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



inter 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



international aplicalion No. 
PCT/KR00/00104 



I. Basis of the report 



1. With regard to the elements of the international application:* 
| | the international application as originally filed 
[X | the description: 



-17.21 



pages 

pages 

pages 

the claims: 
pages -18,19 

pages 

pages 

Pages _20 



, as originally filed 
, filed with the demand 



, filed with the letter of 



, as originally filed 

, as amended (together with any statment) under Article 19 

, filed with the demand 



, filed with the letter oOOOl. 7. 1 1. 



[X | the drawings: 

pages 1/5 - 5/5 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of_ 



[x"l the sequence listing part of the description: 

pages L2 

pages 

pages 



, as originally filed 
, filed with the demand 



( filed with the letter of 



With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
| [ the language of publication of the international application(under Rule 48.3(b)). 

| — | the language of the translation furnished for the purposes of international preliminary examination(under Rules 55.2 and/ 
' — ' or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained inthe international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international applicationas as filed has been furinshed. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 



□ 

□ 
□ 
□ 

□ 
□ 



The amendments have resulted in the cancellation of: 

the description, pages 

| | the claims, Nos. 

[ | the drawings, sheet 



| | This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)).** 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally filed." and are tiot annexed to this report since they do not contain amendments (Rules 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 



Form PCT/IPEA/409 (Box I)(July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION 



international aplication No. 
PCT/KROO/00104 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



citations and explanations supporting such statement 

1 . Statement 

Novelty (N) Claims 1-19, 20-23,24,25 YES 

Claims NO 

Inventive step (IS) Claims 1-19, 20-23,24,25 YES 

Claims NO 

Industrial applicability (IA) Claims 1-19, 20-23,24,25 YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 

1) The following document have been considered for the purpose of this report: 
Dl=Cell Biol Int, Aug 1997, Vol 21, No 8, pp495~499 

D2=Transgenic Res., Jul 1998, vol 7, No 4, pp247-252 

D3=Proc Natl Acad Sci USA, Nov 1998, vol 95, No 23, pp 13726-31 

2) Novelty 

Claims 1-19, 20-23, 24, 25 relate to a process for preparing an est abl i shed avian 
embryon i c germ ce 1 1 1 i ne . 

Document Dl discloses primordial germ cell cultures, isolated from 5 day old chick 
embryonic germinal ridges, cultured in vitro for a further 5 days, shown proliferate on 
stroma cells derived from the germinal ridge. 

Document D2 discloses a electroporat ion process for introducing foreign gene toPGCs, 
followed by culturing gonadal cells in medium with insulin-like growth factor-1, bFGF and 
LIFs before injecting into recipient. 

Document D3 discloses a method of derivation of pluripotent stem cells from cultured 
human primordial germ cells. 

Since claims 1-19, 20-23, 24, 25 discloses a process for preparing an established avian 
embryonic germ cell line, different from Dl, D2 utilized the PGC cells cultured for 5 
days, did not establish embryonic germ cell line, also different from D3 disclosed 
process for human PGC cells, those claims are considered to be novel. 



Form PCT/IPEA/409 (Box V) (July 1998) 



fernational apli cation No. 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 

Continuation of: 
box V 

3) Inventive Step 

Claims 1-19, 20-23, 24, 25 relate to a process for preparing an established avian embryonic germ cell line, more 
particularly comprising the steps of (a) culturing primordial germ cells (PGCs) isolated from an avian embryonic 
gonad in a medium supplemented with a cell growth factor and a differentiation inhibitory factor to obtain EG cell 
colonies; culturing the EG cells in the same medium as in step by employing a feeder layer until the EG are colonized 
and recovering and subculturing the EG cells in the same medium as in step to establish the EG cell line. 

Document Dl discloses primordial germ cell cultures, isolated from 5 day old chick embryonic germinal ridges, 
cultured in vitro for a further 5 days, shown proliferate on stroma cells derived from the germinal ridge. To 
determine whether these cultured PGCs could colonize and contribute to the germ-line, PGCs were injected into the 
bloodstream of stage 17 chick embryos. The donor PGCs had migrated into the germinal ridges of the recipient 
embryos and colonize. 

Document D2 discloses a electroporation process for introducing foreign gene to PGCs, followed by culturing 
gonadal cells in medium with insulin-like growth factor- 1, bFGF and LIFs before injecting into recipient. 

Major difference between two inventions lies in the establishment of embryonic germ cell line. This invention 
established totipotent embryonic germ cell lines, whereas Dl and D2 documents utilized the PGC cells cultured for 5 
days. 

Useful contribution of this invention is setting up the appropriate conditions for establishment of avian ES cell line, 
also different from conditions for human EG cells as described in D3 document. In this invention, it is crucial steps, 
culturing primordial germ cells (PGCs) isolated from an avian embryonic gonad in a medium supplemented with a 
cell growth factor and a differentiation inhibitory factor particularly IL-1 1, IGF-I to obtain EG cell colonies, whereas 
Dl discloses simple incubation of PGC cells for 5 days in a medium lacking IL-1 1 without colonization of PGC cells. 
It is advantageous step, finding particular conditions for establishment of ES cell line, the steps were as following, 
culturing primordial germ cells (PGCs) in a medium supplemented with a appropriate factor, particularly IL-1 1, IGF- 
I to obtain EG cell colonies, culturing the EG cells in the same medium as in step by employing a feeder layer until 
the EG are colonized and recovering and subculturing. This invention discloses EG cell colonies were maintained 10 
passages, for 4 months. Additionally, the established ES cell line was tested and proven to be embryonic cell showing 
the characteristics of ES cell line such as the presence of glycogens and SSEA-1 epitope as well as. 

Therefore, claims 1-19, 20-23, 24, 25 in this invention appear to involve an inventive step, 

4) Industrial applicability 

The subject matter of claims 1-19, 20-23, 24, 25 is considered to be industrially applicable. 
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Applicant's or agent's file reference 
PC91143/HMY 


, SeeNotificationofrransmittalofLnternational^^jminary 

FOR FURTHER ACTION - . . - 0 . /r o^-rm^ a m,^ 

Examination Report (Form PCT/TPEA/416) 


International application No. 

PCT/KR00/00104 


International filing datefday/montft/year) 
1 1 FEBRUARY 2000 (1 1.02.2000) 


Priority date (day/montli/year) 
1 1 FEBRUARY 1999 (1 1.02.1999) 


International Patent Classification (IPC) or national classification and IPC 
IPC7 C12N5/00 


Applicant 

HAN, Jae Yong et al 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



h£ I This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 



70.16 and Section 607 of the Administrative Instructions under the PCT). 
These annexes consist of a total of 1 sheets. 



This report contains indications relating to the following items: 
Basis of the report 



I 


ELI 


n 


□ 


m 


□ 


IV 


□ 


V 




VI 


□ 


vn 


□ 


vm 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 



Date of submission of the demamd 

06 SEPTEMBER 2000 (06.09.2000) 


Date of completion of this report 

16 JULY 2001 (16.07.2001) 


Name and mailing address of the IPEA/KR 
Korean Intellectual Property Office 

Government Complex-Daejeon, Dunsan-dong, Seo-gu, Daejeon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7140 


Authorized officer ..^ - ■ 

LIM 5 HeaJoon f 1 
Telephone No. 82-42-481-5590 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International aplication No. 
PCT/KROO/00104 



I. Basis of the report 



With regard to the elements of the international application:* 

| [ the international application as originally filed 
[x""| the description: 

pages 1-17. 21 » as originally filed 

pages > filed with the demand 
pages , filed with the letter of 



the claims: 

pages 1 8^19 , as originally filed 

pages , as amended (together with any statment) under Article 19 

pages , filed with the demand 

pages _2Q , filed with the letter oQOOl. 7. 11. 

the drawings: 

pages 1/S - S/S , as originally filed 

pages , filed with the demand 

pages , filed with the letter of 

[X | the sequence listing part of the description: 

pages 1. 2 , as originally filed 

pages , filed with the demand 

pages , filed with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
| | the language of publication of the international application(under Rule 48.3(b)). 

I — I the language of the translation furnished for the purposes of international preliminary examination(under Rules 55.2 and/ 
1 — 1 or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

| | contained inthe international application in written form. 

[X | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disc losure in the 

international applicationas as filed has been furinshed. 
[ j The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished. 

4. | | The amendments have resulted in the cancellation of: 

the description, pages 
| 1 the claims, Nos. 



| | the drawings, sheet 



| ] This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)).** 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally filed." and are not annexed to this report since they do not contain amendments (Rules 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I attd annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) Claims 1-19, 20-23, 24, 25 YES 

Claims NO 

Inventive step (IS) Claims 1-19, 20-23, 24, 25 YES 

Claims _ NO 

Industrial applicability (IA) Claims 1-19, 20-23, 24,25 YES 

Claims \ NO 



2. Citations and explanations (Rule 70.7) 

1) The following document have been considered for the purpose of this report: 
Dl=Cell Biol Int, Aug 1997, Vol 21, No 8, pp495-499 

D2=Transgenic Res., Jul 1998, vol 7, No 4, pp247-252 

D3=Proc Natl Acad Sci USA, Nov 1998, vol 95, No 23, ppl3726-31 

2) Novelty 

Claims 1-19, 20-23, 24, 25 relate to a process for preparing an established avian 
embryonic germ cell line. 

Document Dl discloses primordial germ cell cultures, isolated from 5 day old chick 
embryonic germinal ridges, cultured in vitro for a further 5 days, shown proliferate on 
stroma cells derived from the germinal ridge. 

Document D2 discloses a elect roporat ion process for introducing foreign gene to PGCs, 
followed by culturing gonadal cells in medium with insulin-like growth factor-1, bFGF and 
LIFs before injecting into recipient. 

Document D3 discloses a method of derivation of pluripotent stem cells from cultured 
human primordial germ cells. 

Since claims 1-19, 20-23, 24, 25 discloses a process for preparing an established avian 
embryonic germ cell line, different from Dl, D2 utilized the PGC cells cultured for 5 
days, did not establish embryonic germ cell line, also different from D3 disclosed 
process for human PGC cells, those claims are considered to be novel. 
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3) Inventive Step 

Claims 1-19, 20-23, 24, 25 relate to a process for preparing an established avian embryonic germ cell line, more 
particularly comprising the steps of (a) culturing primordial germ cells (PGCs) isolated from an avian embryonic 
gonad in a medium supplemented with a cell growth factor and a differentiation inhibitory factor to obtain EG cell 
colonies; culturing the EG cells in the same medium as in step by employing a feeder layer until the EG are colonized 
and recovering and subculturing the EG cells in the same medium as in step to establish the EG cell line. 

Document Dl discloses primordial germ cell cultures, isolated from 5 day old chick embryonic germinal ridges, 
cultured in vitro for a further 5 days, shown proliferate on stroma cells derived from the germinal ridge. To 
determine whether these cultured PGCs could colonize and contribute to the germ-line, PGCs were injected into the 
bloodstream of stage 17 chick embryos. The donor PGCs had migrated into the germinal ridges of the recipient 
embryos and colonize. 

Document D2 discloses a electroporation process for introducing foreign gene to PGCs, followed by culturing 
gonadal cells in medium with insulin-like growth factor- 1, bFGF and LIFs before injecting into recipient. 

Major difference between two inventions lies in the establishment of embryonic germ cell line. This invention 
established totipotent embryonic germ cell lines, whereas Dl and D2 documents utilized the PGC cells cultured for 5 
days. 

Useful contribution of this invention is setting up the appropriate conditions for establishment of avian ES cell line, 
also different from conditions for human EG cells as described in D3 document. In this invention, it is crucial steps, 
culturing primordial germ cells (PGCs) isolated from an avian embryonic gonad in a medium supplemented with a 
cell growth factor and a differentiation inhibitory factor particularly IL-1 1, IGF-I to obtain EG cell colonies, whereas 
Dl discloses simple incubation of PGC cells for 5 days in a medium lacking IL-1 1 without colonization of PGC cells. 
It is advantageous step, finding particular conditions for establishment of ES cell line, the steps were as following, 
culturing primordial germ cells (PGCs) in a medium supplemented with a appropriate factor, particularly IL-1 1, IGF- 
I to obtain EG cell colonies, culturing the EG cells in the same medium as in step by employing a feeder layer until 
the EG are colonized and recovering and subculturing. This invention discloses EG cell colonies were maintained 10 
passages, for 4 months. Additionally, the established ES cell line was tested and proven to be embryonic cell showing 
the characteristics of ES cell line such as the presence of glycogens and SSEA-1 epitope as well as. 

Therefore, claims 1-19, 20-23, 24, 25 in this invention appear to involve an inventive step, 

4) Industrial applicability 

The subject matter of claims 1-19, 20-23, 24, 25 is considered to be industrially applicable. 
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AVIAN PLURIPOTENT EMBRYONIC GERM CELL LINE 

FIELD OF THE INVENTION 

5 The present invention relates to a process for 

preparing an established avian pluripotent embryonic germ 
cell line and an avian pluripotent embryonic germ cell line. 

BACKGROUND OF THE INVENTION 

10 

Embryonic stem (ES) cell lines are undifferentiated and 
pluripotent cells isolated from blastocyst or morula 
embryos. Although ES cells are expected to be highly 
useful, e.g., in the study of developmental biology, 

15 analysis of the characteristics of totipotent cells, and 
gene- targeting to produce genetically modified livestock, 
only mouse ES cells with proven germ- line transmission have 
been established (Evans, M. J. and Kaufman, M. H., Nature , 
292, 154-156(1981); Bradley et al . , Nature, 309 , 255- 

20 256(1984)) and the use of ES cells in producing livestock 
has not yet become a reality because of limitations in 
germ-line transmission in species other than mice (First, N. 
L. et al . , Reprod . Feril . Dev. , 6, 553-562(1994); wheeler, 
M. B., Reprod . Fert i 1 . Dev . , 6, 563-568 (1994); Giles, J. R. 

25 et al., Mol . Reprod. Dev. . 36 , 130-138 (1993); and 
Doetschman, T. C. et al . , Dev. Biol . , 127 , 224-227(1988)). 

Recently, primordial germ cells (PGCs) , which are the 
progenitors of sperm or egg cells that develop after sexual 
maturity, have been provided as an alternative source of 

30 pluripotent stem cells. The stem cells derived from PGCs 
are called embryonic germ (EG) cells (Resnick, J. L. et al . , 
Nature , 359 , 550-551(1992); and Matsui, Y. et al . , Cell , 
70 , 841-847(1992)). Mouse PGCs have been successfully 
co-cultured on mitotically inactivated STO cells 

35 supplemented with three critical growth factors: stem cell 
factor (SCF) , leukemia inhibitory factor (LIF) , and basic 
fibroblast growth factor (bFGF) (Godin, J. R. et al., Mol . 
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Reprod. Dev. , 36 , 130-138(1991); Dolci, S. et al., Nature , 
352 , 809-811(1991); Matsui, Y. et al . , Nature , 353 , 750- 
752(1991); and Resnick, J. L. et al., Nature , 359 , 550- 
551(1992)). Resnick et al . reported that mouse PGCs 
5 continued to proliferate after subculture and formed 
colonies of cells that resembled ES cells (Resnick, J. L. et 
al., Nature , 359, 550-551(1992)). Labosky et al . 

demonstrated that murine EG cell lines had the pluripotency 
needed for germ- line transmission iri vivo (Labosky, P. A. et 

10 al . , Development . 120 , 3197-3204(1994)). 

As to bovine and porcine EG cells, there have been 
characterized traits such as morphology, alkaline 
phosphatase activity, and embryoid body formation (Cherny, 
R. A. et al . , Reprod. Fertil . Dev. , 6., 569-575(1994); Shim, 

15 H. et al . , Biol . Reprod. , 57, 1189-1095(1997); Piedrahita, 
J. A. et al . , J . Reprod . Fert i 1 . , 52 , 245-254(1997)). 
However, germ- line transmission has not been proven in these 
species . 

Pain et al . reported that avian stem cells with 

20 multiple morphogenet ic potentialities were derived and 
maintained in vitro by long-term culture of blastodermal 
cells. However, the production of pluripotent EG cells 
derived from PGCs has not previously been reported in any 
non-mammalian species . 

25 In avian species, PGCs first arise from the epiblast 

and migrate to the hypoblast of the area pellucida (the 
germinal crescent) at stage 4, approximately 18-19 hours 
after incubation (Swift, C. H . , Am . J . Anat . , 15 , 483- 
516(1914); Hamburger, V. and Hamilton, H. L., J . Morphol . , 

30 88/ 49-92(1951); and Eyal-Giladi, H. and Kochav, S., Dev . 
Biol . . 49 , 321-337(1976)). PGCs move from the germinal 
crescent into the blood stream at stage 10-12 (Ando, Y. and 
Fujimoto, T., Dev. Growh Differ. , 25, 345-32(1983); and 
Ukeshima, A. et al . , J. Electron. Microsc . t 40 , 124- 

35 128(1991)) and circulate in the vascular system until stage 
17 (2.5 days of incubation) when they reach the region of 
the germinal ridges, in which they finally concentrate and 
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colonize (Nieuwkoop, P. D. and Sutasurya, L. A., In 
Primordial Germ Cells in the Chrodates , 113-127(1979)). 
This migration pathway and the subsequent developmental 
processes differ dramatically from the comparable processes 
5 in mammalian species. 

Allioli et al . reported that chicken PGCs isolated from 
gonads could proliferate for several days under an in vitro 
culture condition (Allioli, N. et al . , Dev . Biol . , 165 , 30- 
37(1994)). Chang et al. cultured chicken PGCs from gonads 

10 on stroma cells of the germinal ridge for 5 days (Chang, I. 
et al., Cell Biol . Int . , 19 , 569-676(1995)). These cultured 
gonadal PGCs had the ability to migrate to the germinal 
ridge when re-injected into recipient embryos. Recently, 
Chang et al . produced germ- line chimeric chickens by 

15 injection of gonadal PGCs which had been cultured in vitro 
for 5 days (Chang, I. et al . , Cell Biol . Int . , 21, 495- 
499 (1997) ) . 

Further, PCT publication No. WO 99/06534 discloses a 
method for establishing EG cells by culturing PGCs isolated 

20 from the blood of an embryo at stage 13 to 14 in a medium 
supplemented with LIF, bFGF, SCF and IGF- 1 without using a 
feeder layer. However, the amount of blood PGCs obtainable 
from an embryo, I.e., about 100 cells/embryo, is much less 
than that of gPGCs, i.e., more than 1000 cells/embryo, and 

25 it is difficult to isolate the blood PGCs from the embryonic 
blood. Further, although the PGCs were cultured without 
using a feeder layer, they attached to the wall of the 
culture vessel and morphologically changed only after 3 or 
4 passages. Accordingly, it is presumed that the EG cells 

30 established therefrom would be already differentiated. 
Moreover, the EG cells were examined only on their alkaline 
phosphatase activity for the demonstration of the 
pluripotency thereof without examination on other properties 
and, accordingly, it is not certain whether the EG cells are 

35 indeed established. In addition, the reference did not teach 
or anticipate whether the EG cells have the in vitro and in 
vivo differentiating abilities, which are characteristics of 
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an established EG cells, and whether they proliferate 
continuously after several passages. 

Thus, there has continued to exist a need to develop an 
EG cell line transmitting foreign gene through multiple 
5 generations, thereby enabling the production of a transgenic 
livestock using foreign gene transfection and gene 
targeting . 

SUMMARY OF THE INVENTION 

10 

Accordingly, it is an object of the present invention 
to provide a process for establishing an avian pluripotent 
embryonic germ (EG) cell line. 

Another object of the present invention is to provide 
15 an avian pluripotent embryonic germ cell line. 

In accordance with one aspect of the present invention, 
there is provided a process for preparing an established 
avian embryonic germ cell line comprising the steps of: 

(a) culturing primordial germ cells (PGCs) isolated 
20 from an avian embryonic gonad in a medium supplemented with 

a cell growth factor and a differentiation inhibitory factor 
to obtain EG cell colonies; 

(b) culturing the EG cells in the same medium as in 
step (a) by employing a feeder layer until the EG cells are 

25 colonized; and 

(c) recovering and subculturing the EG cells in the 
same medium as in step (a) to establish the EG cell line. 

In accordance with another aspect of the present 
invention, there is provided a chicken embryonic germ cell 
30 line having characteristics substantially identical to that 
deposited under the accession number of KCLRF-BP- 00026 . 

BRIEF DESCRIPTION OF THE DRAWING 

3 5 The above and other objects and features of the present 

invention will become apparent from the following 
description of the invention, when taken in conjunction with 
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the accompanying drawing, in which: 

Figs, la and lb show the morphological characteristics 
of chicken EG cell colonies after 3 passages on chicken 
embryonic fibroblast (Fig. la: scale, 50 pm; and Fig. lb: 
5 scale, 25 /im) ,* 

Fig. 2 presents the PAS reactivity in EG cell colonies 
formed after 4 passages; 

Fig. 3 presents the anti-SSEA-1 antibody screening 
results in EG cell colonies formed after 4 passages; 
10 Fig. 4 presents the proliferation assay result in EG 

cell colonies stained after 8 passages; 

Fig. 5a displays the embryoid bodies formed from a 
chicken EG cells in suspension culture after 8 days; and 
Figs. 5b to 5d, the results of immunohistochemical analyses 
15 of the embryoid bodies using antibodies against actin, a-1- 
fectoprotein and S100, respectively; 

Fig. 6a exhibits typical Korean Ogol chickens having 
black feather; and Fig. 6b shows a somatic chimera chicken 
having white patches around the neck and on the breast; and 
20 Fig. 7 depicts the result of PCR analysis for somatic 

and germline chimerisms. 

DETAILED DESCRIPTION OF THE 13STVENTION 

25 The process of the present invention for establishing 

an avian embryonic germ (EG) cell line begins with the 
isolation of avian primordial germ cells (PGCs) . The avian 
may be turkey, chicken, quail, pheasant or duck. The PGCs 
may be isolated from the embryonic gonad of an early- stage 

30 avian embryo, at stage 14 to 36 (50 hours to 10 days after 
incubation), preferably, stage 24 to 30 (4 to 6.5 days after 
incubation) . For instance, the embryonic gonad of White 
Leghorn at stage 28 is isolated and then the gonad tissue is 
dissociated in trypsin-EDTA to obtain a suspension 

3 5 containing gonadal primordial germ cells (gPGC) . However, 
the developmental stage of the embryo is not limitative 
unless it impairs the purpose of the present invention, and 
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may vary according to the avian species or the kind of 
organ, tissue and membrane from which the PGCs are 
separated . 

The isolated PGCs are cultured at a temperature ranging 
5 from 37 °C to 42 °C under an atmosphere containing 5% C0 2 in 
a medium containing cell growth factors and a 
differentiation inhibitory factor until the colonization of 
EG cells. The medium is preferably DMEM (Dulbecco's 
Modified Eagle's Medium; Gibco BRL cat#, 10313-021) or a 

10 functional equivalent thereof. 

Exemplary cell growth factors useful in the present 
invention include stem cell factor (SCF) , basic fibroblast 
growth factor (bFGF) , interleukin-11 (IL-11) , insulin-like 
growth factor- I (IGF- I) and a mixture thereof. 

15 Representative differentiation inhibitory factor is leukemia 
inhibitory factor (LIF) . The culture medium may further 
contain mammalian serum, avian serum or a supplementary 
ingredient selected from the group consisting of sodium 
pyruvate, glutamine, S-mercaptoethanol and a mixture 

20 thereof. 

The culture medium is preferably DMEM supplemented with 
0.1 to 30% fetal bovine serum (FBS) , 0.02 to 20 % chicken 
serum, 0.01 to 100 mM sodium pyruvate, 0.02 to 200 mM 
glutamine, 0.55 to 5500 /iM S-mercaptoethanol , 0.05 to 500 
25 ng/ml of SCF, 0 . 1 to 1000 units/ml of LIF, 0 . 1 to 1000 ng/ml 
of bFGF, 0.0004 to 4 ng/ml of IL-11 and 0 . 1 to 1000 ng/ml of 
IGF-1 . 

The EG cell colonies formed on the medium is separated 
into individual EG cell, e.g., by repeated pipetting, and 

30 the EG cells are recovered, suspended in a medium, e.g., the 
medium described above, and then cultured at 37 to 42 °C for 
7 to 10 days on a feeder layer until the colonization of 
cells exhibiting the morphological characteristics of an EG 
cell line. As the feeder layer, avian embryonic fibroblast 

35 or an equivalent thereof may be employed, while mitotically 
active avian embryonic fibroblast (CEF) or avian fibroblast 
is most preferred. 
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The resulting EG cells are passaged at an interval of 
7 to 10 days in the same medium as above to establish an 
embryonic germ cell line. The embryonic germ cell line thus 
established may be maintained for a period of over 4 months 
5 by repeated subculture. 

The present invention also provides a chicken EG cell 
line produced by using the inventive process. 

The morphology of the chicken EG cell line colonies is 
multi-layered and the colonies are well -delineated . Each 

10 chicken EG cell is composed of a large nucleus and a 
relatively small amount of cytoplasm, similar to the 
separated morphologies of murine and porcine ES cells and EG 
cells (Wobus, A. M. et al . , Exp. Ce ll . Res . , 152, 
212-2199(1984); Matsui, Y. et al . , Cell , 70, 841-847(1992); 

15 Resnick, J. L. et al . , Nature, 359 , 550-551(1992); Shim, H. 
et al., Biol Reprod , 57 , 1089-1095(1997); and, Piedrahita, 
J. A. et al., Biol. Reprod. , 58, 1321-1329(1998)). 
However, the morphology of the chicken EG cells is slightly 
different from that of mouse ES or EG cells in that almost 

20 all of the colonies are uniformly round and that the 
prominent dark nucleoli observed in other species are not 
clearly discernible. Avian species are different from 
mammalian species in terms of physiology, development and 
differentiation of germ cells and, thus, the chicken EG 

25 cells are different from mouse EG cells in their shape, 
their adhesive properties, and other characteristics. 

The chicken EG cells maintain the characteristics of 
gonadal PGCs and undifferentiated stem cells. The chicken 
EG cells express SSEA-1 antigen and, in an in vitro 

3 0 suspension culture, successfully develop into embryoid 
bodies which differentiate into a variety of cell types. 
Further, the chicken EG cells are confirmed to proliferate 
and differentiate into various tissues including the gonad 
during embryo development in an experiment using chickens 

3 5 and, thus, they are pluripotent in vivo . 

One of the chicken embryonic germ cell lines 
established in the present invention was deposited on 
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September 22, 1999 with the Korean Cell Line Research 
Foundation (KCLRF) (Address: Cancer Research Institute, Seoul 
National University College of Medicine, #28, Yongon-dong, 
Chongno-gu, Seoul, 110-744, Republic of Korea) under the 
5 terms of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganism for the Purpose 
of Patent Procedure under the accession number of KCLRF- BP - 
00026 . 

A somatic or germline chimera can be produced by 

10 microinjection of EG cells into an egg, preferably, into the 
germinal cavity or blood vessel thereof. More preferably, 
the EG cell may be microinj ected into the germinal cavity of 
an egg at stage X or into the blood vessel of an egg at 
stage ranging from 13 to 17 . 

15 A desired foreign gene can be transfected and 

introduced in the inventive chicken EG cells by 
electroporat ion or liposome, and stably- transfected chicken 
EG cells can be selected by passaging them in a medium 
containing an antibiotic. 

20 Thus, the inventive chicken EG cell lines are useful 

for the production of transgenic chickens and for studies of 
germ cell differentiation and genomic imprinting. 

The following Examples are intended to further 
illustrate the present invention without limiting its scope. 

25 Further, percentages given below for solid in solid 

mixture, liquid in liquid, and solid in liquid are on a 
wt/wt, vol/vol and wt/vol basis, respectively, unless 
specifically indicated otherwise. 

30 Example 1 : Isolation of PGCs and establishment of culture 
•condition for preparing a chicken EG cell line 

(Step 1) Isolation of PGCs 

A fertilized egg of White Leghorn obtained from the 
35 College of Agriculture and Life Sciences, Seoul National 
University was incubated for 5.5 days (until stage 28) at 
37.5 °C and a relative humidity of 60-70%. The embryo was 



WO 00/47717 



PCTYKROO/00104 



- 9 - 

extracted from the fertilized egg at stage 28 and washed in 
a 100 mm petri dish with magnesium- free phosphate buffered 
saline (PBS) to remove the yolk and blood. The embryo was 
transferred to a petri dish coated with a black wax and the 
5 embryonic gonads were isolated therefrom with forceps . The 
gonad tissue was separated into individual gonadal 
primordial germ cells (gPGCs) by treating with 0.25% 
trypsin-0 . 05% EDTA. Added thereto was DMEM (Dulbecco's 
Modified Eagle's Medium, Gibco BRL, USA) containing 10% FBS 
10 (fetal bovine serum, Gibco, USA) to inactivate trypsin-EDTA, 
and gPGCs were harvested by centrif ugation . 

(Step 2) Establishment of culture condition 

The EG (embryonic germ) cell culture medium (i.e., 

15 DMEM) was supplemented with one or more of growth factors 
selected from stem cell factor (SCF) , leukemia inhibitory 
factor (LIF) , and basic fibroblast growth factor (bFGF) . 
SCF, LIF, and bFGF have been reported to be important growth 
factors for the survival and proliferation of PGCs in the 

20 mouse (Resnick, J. L. et al . , Nature, 359, 550-551(1992); 
and Donovan, P. J., Curr . Top. Dev. Biol. , 29, 189- 
225(1994)). In addition to these three factors, 

growth-related factors such as interleukin- 11 (IL-11) and 
insulin-like growth factor-I (IGF-I) were added to the 

25 medium. The gPGCs obtained in Step 1 were suspended in the 
culture medium supplemented with various combinations of the 
above factors and then incubated at 37 °C under an 
atmosphere containing 5% C0 2 until the colonization of the 
EG cells. 

30 Tests showed that colonization of EG cells does not 

occur in the absence of IL-11 and IGF-I. Therefore, IL-11 
and IGF-I are essential for the survival and proliferation 
of chicken EG cells. 

35 Example 2 : Culture of chicken EG cells 



The EG cells obtained in Example 1 were seeded in a 24- 



WO 00/47717 



PCT/KROO/00104 



- 10 - 

well culture plate containing EG cell culture media 
consisting of DMEM (Gibco, USA) supplemented with 10% FBS, 
2% chicken serum (Gibco, USA) , ImM sodium pyruvate, 2mM L- 
glutamine, 5.5 x 10" 5 M S-mercaptoethanol , 100 /-ig/ml of 
5 streptomycin, 100 units/ml of penicillin, 5 ng/ml of human 
stem cell factor (hSCF; Sigma, USA) , 10 units/ml of murine 
leukemia inhibitory factor (mLIF; Sigma, USA) , 10 ng/ml of 
bovine basic fibroblast growth factor (bFGF ,* Sigma, USA) , 
0.04 ng/ml of human interleukin- 11 (h-IL-11; Sigma, USA) and 

10 10 ng/ml of human insulin-like growth factor-I (IGF-I; 
Sigma, USA) and incubated in an incubator for 7-10 days at 
37°C under an atmosphere of 5% C0 2 to produce EG cell 
colonies deposited on a layer of germinal ridge stroma cells 
(GRSC) . The colonies of chicken EG cells were separated 

15 from the GRSC layer by gentle pipetting and harvested by 
centrifuge at 200 X g for 5 minutes. The harvested EG cells 
were suspended in DMEM and divided into a fresh 24 -well 
plate together with chicken embryonic fibroblasts (CEFs) 
which were not mitotically inactivated. The EG cell 

20 colonies were passaged at an interval of 7 to 10 days under 
the condition as above. These colonies were maintained for 
up to 10 passages and proliferated over a period of 4 months 
in repeated subculture. 

Figs, la and lb show chicken EG cell colonies after 3 

25 passages on chicken embryonic fibroblast (CEF) cells (Fig. 
la: scale, 50 ftm; and Fig. lb: scale, 25 ^m) . The 
morphology of the chicken EG cells was slightly different 
from that of mouse ES or EG cells. Almost all of the 
chicken EG cell colonies were uniformly round and were not 

30 tightly bound to the CEF feeder layer. In contrast to mouse 
ES or EG cells, chicken EG cells did not pack strongly 
together and; it was not difficult to discern the individual 
component cells. The morphology of the colonies was multi- 
layered and the boundaries thereof was well -delineated . The 

35 chicken EG cell was composed of a large nucleus and a 
relatively small amount of cytoplasm, while its nucleoli was 
not prominent . 
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Example 3 : Characterization of the EG cell 

To determine whether the pluripotency of the EG cell 
possessed characteristic features of a pluripotent cell, the 
5 presence of glycogens and SSEA-1 epitope as well as its 
alkaline phosphatase activity and abilities to proliferate 
and differentiate in vitro were examined. 

(1) Periodic Acid-Shiff's (PAS) staining 

10 

The EG cell colonies after 4 passages obtained in 
Example 2 were fixed to a plate in a 1 % glutaraldehyde 
solution for 5 min . and washed twice with an equal volume of 
phosphate buffered saline (PBS). The EG cell colonies were 

15 immersed in Periodic Acid Solution (Sigma , USA) at room 
temperature for 5 min. and then washed with an equal volume 
of PBS . The EG cell colonies were then immersed in Shiff's 
Solution (Sigma, USA) at room temperature for 15 min. and 
then washed twice with an equal volume of PBS. The 

20 resulting EG cell colonies were observed under an inverted 
microscope. Chicken PGCs can be easily identified by the 
PAS reaction which stains glycogens in the cytoplasm (Meyer, 
D. B., Dev. Biol., 10, 154-190(1964)). As can be seen in 
Fig. 2, the EG cells after 4 passages can be stained by PAS, 

25 although the staining is relatively weak. 

(2) Anti-SSEA-1 antibody screening 

The SSEA-1 epitope is characteristic of 
30 undifferentiated murine ES cells and has been as a criterion 
for distinguishing pluripotent stem cells (Solter, D. et 
al., Proc. Natl. Acad. Sci . , 75, 5565-5596 (1978)). To 
determine whether the pluripotency of the EG cell possessed 
characteristic features of a pluripotent cell, the presence 
3 5 of SSEA-1 epitope were examined. 

The EG cell colonies after 4 passages obtained in 
Example 2 were fixed to a plate in 1 % glutaraldehyde 



WO 00/47717 



PCI7KR00/O01O4 



- 12 - 

solution for 5 min. and washed twice with an equal volume of 
PBS. An ascites fluid of anti-SSEA-1 monoclonal antibody 
(MC-480; Solter, D. et al . , Proc . Natl. Acad. Sci . , 75, 
5565-5596 (1978) ) was purchased from the Development Studies 
5 Hybridoma Bank, Iowa University U.S.A. , diluted 1,000 fold 
with PBS , and added to the EG cell colonies. The resulting 
EG cell colonies were reacted with avidin/biotin-conjugated 
alkaline phosphatase (Vector Lab., USA) and then with 
BCIP/NBT alkaline phosphatase substrate (BCIP/NBT alkaline 
10 phosphatase substrate kit IV, Vector Lab., USA). The 
reaction was stopped by adding 10 mM EDTA (pH 8.0) thereto. 

As can be seen in Fig. 3, all EG cells after 4 passages 
are positive toward SSEA-1 staining showing that the SSEA-1 
epitope is expressed by the chicken EG cells. 

15 

(3) Proliferation assay 

The EG cell colonies after 8 passages obtained in 
Example 2 were kept in solution containing bromodeoxyuridine 

20 (BrdU, a thymidine analog) , at 37 °C for 1 hour and washed 
twice with an equal volume of PBS. The resulting EG cell 
colonies were stained by cell proliferation assay kit 
(Amersham, UK) and then counterstained with PAS by repeating 
the procedure of (1) . EG cell colonies containing 

25 incorporated BrdU were detected using any anti-BrdU 
monoclonal antibody and a peroxidase/DAB system (Amersham, 
UK) . 

Fig. 4 presents the proliferation assay result of EG 
cell colonies stained after 8 passages. As can be seen from 
30 Fig. 4, the EG cells after 8 passages are in continuous 
proliferation . 

(4) Alkaline phosphatase activity assay 

35 The alkaline phosphatase activity of the EG cell 

colonies after 4 passages obtained in Example 2 was measured 
using alkaline phosphatase substrate kit IV (Vector Lab., 
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USA) . 

The result shows that the EG cells have scarcely 
alkaline phosphatase activity and did not regain the 
activity during subculture. 
5 According to Swart z, W. J., An at . Rec . , 202 , 3 79-385 

(1982) , alkaline phosphatase activity of avian PGCs is 
observably as early as 2 days of incubation but not after 
the entry of PGCs into genital ridge, which would suggest 
that the alkaline phosphatase activity of gonadal PGCs as 
10 well as EG cells passaged therefrom would indeed be very 
weak . 

(5) I_n vitro differentiation and immunohistochemical 
analysis 

15 

To examine whether embryoid bodies could formed from 
the chicken EG cells, the EG cell colonies after 4 passages 
obtained in Example 2 were gently agitated and centrifuged 
to obtain individually separated EG cells. The EG cells 

2 0 were suspended in EG cell culture media free from mLIF and 
then placed in a non-adhesive bacteriological petri dish. 
The media was changed every other day for 8 days and the 
morphology of the cells was monitored daily. 

Fig. 5a displays the embryoid bodies formed from 

25 chicken EG cells in suspension after 8 days. 

The embryoid bodies thus formed were collected and then 
distributed into a 96-well plate further to attach thereto 
and differentiate. The resulting cells were subjected to 
immunohistochemical analysis using antibodies for muscle- 

30 specific actin (Dako, USA), endoderm-specif ic o?-l- 
fectoprotein (Dako, USA) and ectoderm- specif ic S100 (Dako, 
USA) , together with an DAKO LSAB kit and avidin/biot in- 
conjugated peroxidase system (Dako, USA). 

Figs. 5b to 5d illustrate the results of 

35 immunohistochemical analyses of the embryoid bodies using 
antibodies against actin, a- 1-f ectoprotein and S100, 
respectively. As can be seen from Figs. 5b to 5d, the EG 
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cells are capable of differentiating in vitro into a variety 
of cell types, e.g., endoderm, mesoderm and ectoderm 
lineage . 

5 Example 4 : Production of Chimeric Chicken 

Korean Ogol chicken embryos at stage X or 13 to 17 
(Eyal-Giladi, H. et al . , Dev Biol , 49 , 321-337(1976)) were 
used as recipients. The lateral part or pointed end of each 

10 Korean Ogol chicken egg was punctured to provide a small 
window and then the shell membrane was removed. 

The EG cells after 3 or 4 passages obtained in Example 
2 were suspended in EG cell culture media at a concentration 
of 10 3 cells//il and then 2 fil of the suspension was injected 

15 into the germinal cavity or blood vessel of the egg using a 
micropipette . Eggs injected with CEF were used as a 
control. The window of each egg was sealed twice with 
paraffin film, and then, the eggs were laid down with the 
pointed end at the bottom until hatching. The hatched 

20 chicks were allowed to grow for 3 months to obtain somatic 
chimera chickens . 

Of 4 5 eggs with manipulated embryos, 8 eggs were 
hatched and, among the eight, 3 chicks (37.5 %) were 
externally chimeric. Among chimeric chicks, two white 

25 patched chicks were hatched from the embryos injected with 
the EG cells of 3 passages and one was from the embryo 
injected with the EG cells of 4 passages. The extent of 
white patching varied significantly among the 3 chicks. No 
white feather was observed with the control chick. 

30 Fig. 6a exhibit, a pair of typical Korean Ogol chicken 

having black feathers; and Fig. 6b, the somatic chimera 
chicken having white patches around the neck and on the 
breast. The feather color of a White Leghorn is white due 
to the dominant pigmentation inhibitory gene (I/I), and a 

35 Korean Ogol chicken, black due to the recessive pigment 
gene(i/i). Accordingly, the above result suggests that the 
EG cells of the White Leghorn are capable of differentiating 
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in vivo in the recipient Korean Ogol chicken embryo and, 
therefore, the EG cells are pluripotent in vivo . To verify 
the somatic chimerism of the chicken, genomic DNA samples 
were obtained by phenol extraction from the muscle, heart, 
5 liver and gonad of 5 chicks which died during hatching and 
then subjected to PCR analysis using White Leghorn- specif ic 
SCAR (sequence characterized amplified region) primers 
having nucleotide sequences of SEQ ID NO: 1 (forward primer) 
and SEQ ID NO: 2 (reverse primer) . 

10 PCR reactions were carried out at a 25 fil scale using 

5 0 to 10 0 ng of genomic DNA, 0.2 mM of each dNTP , 10 mM KC1 , 
1.5 mM MgCl 2 , 0.4 pmol of forward primer, 0.4 pmol of 
reverse primer and 1 unit of Taq polymerase. The PCR 
program consisted of 1 minute of denaturation at 94 °C, 1 

15 minute of annealing at 60 °C and 2 minutes of extension at 
72 °C for 45 cycles in a DNA thermocycler (Perkin Elmer 
Cetus) . The White Leghorn specific DNA fragment produced 
was approximately 3 kb. Fig. 7 depicts the results of PCR 
analysis for somatic chimerism: Lanes 1, 5, 9, 13 and 17, 

20 PCR products using the liver DNA; Lanes 2, 6, 10, 14 and 18 , 
the muscle DNA; Lanes 3, 7, 11, 15 and 19, the heart DNA; 
Lanes 4, 8, 12, 16 and 20, the gonad DNA; Lane 21 , Korean 
Ogol chicken genomic DNA; Lane 22, White Leghorn genomic 
DNA; and Lane 23, no template. As can be seen from Fig. 7, 

25 the somatic chimerisms were different between individuals: 
one of the 5 chicks showed somatic chimerism in all tissue 
samples (liver, heart, muscle, and gonads) . The injected EG 
cells contributed to the gonads of two hatched chicks and 
the heart in all of the chicks; two chicks showed the 

30 somatic chimerism only in the heart. These results indicate 
that chicken EG cells can differentiate and contribute in 
vivo to various tissues including the gonads. 

Example 5 : Transfection of Foreign Gene into PGCs or EG 
35 "cells and Selection Thereof 



A reporter gene (GFP or Lac Z) was transfected into 
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PGCs or EG cells using electroporation and liposome, 
respectively. Transfection efficiency of the gene was about 
80% in case of using electroporation and 30% in case of 
using liposome. Transfected PGCs or EG cells were passaged 
5 in a DMEM medium containing 350 /ig/ml of neomycin to select 
the stably transfected PGCs or EG cells. 

While the invention has been described with respect to 
the above specific embodiments, it should be recognized that 
10 various modifications and changes may be made to the 
invention by those skilled in the art which also fall within 
the scope of the invention as defined by the appended 
claims . 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSE OF PATENT PROCEDURE 

INTERNATIONAL FORM 



RECEPTION IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 

To: Jae Yong Han 

Dongbo APT 101-513, Yongin 3 cha, Suji, Yongin-City, 
Kyonggi-do 449-840, KOREA 



I. IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITOR : CEG (chicken embryonic 

germ cell line) 



Accession number given by the 
INTERNATIONAL DEPOSITARY 
AUTHORITY: 

KCLRF-BP-00026 



II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism identified under I above was accompanied by 

[ X | A scientific description 

(xj A proposed taxonomic designation 

(Mark with a cross where applicable) 



III. RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts the microorganism identified under I 
above, which was received by it on September, 22, 1999 



IV. INTERNATIONAL DEPOSITARY AUTHORITY 



Name : Director 

Korean Cell Line Research 
Foundation 

Address :Cancer Research . Institute 
Seoul National University 
College of Medicine 
28 Yongon-dong, Chongno-Gu 

Seoul, 110-7 4 4, Korea 



Signature(s) : 



Date : 1999. 10. 25 
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What is claimed is: 

1. A process for preparing an established avian 
embryonic germ (EG) cell line comprising the steps of: 
5 (a) culturing primordial germ cells (PGCs) isolated 

from an avian embryonic gonad in a medium supplemented with 
a cell growth factor and a differentiation inhibitory factor 
to obtain EG cell colonies; 

(b) culturing the EG cells in the same medium as in 
10 step (a) by employing a feeder layer until the EG cells are 

colonized; and 

(c) recovering and subculturing the EG cells in the 
same medium as in step (a) to establish the EG cell line. 

15 2. The process of claim 1, wherein the avian 

embryonic gonad is at a stage ranging from 14 to 3 6. . 

3. The process of claim 2, wherein the avian 
embryonic gonad is at a stage ranging from 24 to 30. 

20 

4. The process of claim 1, wherein the avian species 
is turkey, chicken, quail, pheasant or duck. 

5. The process of claim 1, wherein a layer of 
25 germinal ridge stroma cells (GRSCs) is employed as a feeder 

layer when culturing primordial germ cells in step (a) . 

6. The process of claim 1, wherein the growth factor 
is selected from the group consisting of stem cell factor 

30 (SCF) , basic fibroblast growth factor (bFGF) , interleukin- 11 
(IL-11) , insulin-like growth factor-I (IGF-I) and a mixture 
thereof . 

7. The process of claim 1, wherein the medium is 
35 supplemented with a growth factor selected from the group 

consisting of 0.05 to 500 ng/ml of SCF, 0 . 1 to 1000 ng/ml of 
bFGF, 0.0004 to 4 ng/ml of IL-11, 0 . 1 to 1000 ng/ml of IGF-I 
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and a mixture thereof . 

8. The process of claim 1, wherein the 
differentiation inhibitory factor is leukemia inhibitory 

5 factor (LIF) . 

9. The process of claim 8 7 wherein the amount of LIF 
is 0.1 to 1000 units/ml. 

10 10. The process of claim 1, wherein the medium further 

comprises mammalian or avian serum. 

11. The process of claim 1, wherein the medium further 
comprises a supplementary ingredient selected from the group 

15 consisting of sodium pyruvate, glutamine, £-mercaptoethanol 
and a mixture thereof . 

12. The process of claim 1, wherein the feeder layer 
is mitotically active. 

20 

13. The process of claim 1 or 12, wherein the feeder 
layer is fibroblast or an equivalent thereof. 

14. The process of claim 13, wherein the fibroblast is 
25 avian fibroblast or avian embryonic fibroblast. 

15. The process of claim 14, wherein the avian species 
is chicken. 

30 16. An avian embryonic germ (EG) cell line prepared in 

accordance with the process of claim 1 . 

17. The avian EG cell line of claim 16, which can be 
maintained by repeated subculture. 

35 

18. The avian EG cell line of claim 16, which 
expresses SSEA-1 antigen, forms an embryoid body, and 
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differentiates and contributes to various tissues. 

19. The avian EG cell line of claim 16, which is a 
chicken embryonic germ cell line having characteristics 

5 substantially identical to that deposited under the 
accession number of KCLRF-BP- 00026 . 

20. A process for preparing a somatic or germline 
chimera comprising injecting the avian EG cell of claim 16 

10 into an egg. 

21. The process of claim 20, wherein the EG cell is 
injected into a germinal cavity or blood vessel of the egg. 

15 22. The process of claim 21, wherein the EG cell is 

injected into the germinal cavity of the egg at a stage X. 

23. The process of claim 21, wherein the EG cell is 
injected into the blood vessel of the egg at a stage ranging 
20 from 13 to 17. 

24 . A process for transf ecting a foreign gene into EG 

cells or PGCs characterized by using electroporat ion or 
liposome . 

25 

25. A process for selecting stably transf ected EG 

cells or PGCs comprising passaging EG cells transfected by 
a foreign gene in a medium containing an antibiotic. 



r 
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SEQUENCE LISTING 

<110> HAN , JAE YONG 

HAM MI PHARM. CO., LTD. 
PARK, TAE SUB 

<12 0> AVIAN PLURI POTENT EMBRYONIC GERM CELL LINE 

<130> PC91143/HMY 

<150> KR 1999-4860 
<151> 1999-02-11 

<160> 2 

<170> KOPATIN 1.5 

<210> 1 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> White Leghorn-specific SCAR primer ( forward primer) 

<400> 1 

aacgcgtaga gttgcaggga tcag 24 

<210> 2 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> White Leghorn-specific SCAR primer (reverse primer) 
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<400> 2 

aacgcgtaga tattcgagta cctt 24 
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PROLONGED CULTURING OF AVIAN PRIMORDIAL GERM CELLS USING SPECIFIC GROWTH FACTORS AND 
USE THEREOF 



5 FIELD QF THE INVENTION 

The present invention provides a novel method for maintaining avian primor- 
dial germ cells (PGCs), in particular chicken PGCs, for prolonged periods in tissue 
culture. These PGCs can be used for the insertion of desired DNA sequences, e.g., 
human genes. These cultured PGCs, and transgenic PGCs derived therefrom, may 
10 be used to produce chimeric birds, in particular chimeric chickens. 

PACK GRO U NP O F THE INVENTION 

In recent years there has been much research focused toward the production 
of chimeric, cloned and transgenic animals. 

In particular, the modification of the genome of farm animal species is an 
15 area which has been actively pursued, with varying degrees of success, for the past 
two decades. For example, such research has been focused toward generating 
transgenic pigs, cows, and chickens. To date, the majority of the available 
transgenic animals have been generated by the direct microinjection of single cell 
embryos with DNA constructs harboring the gene of interest. However, while 
2 0 microinjection techniques have been successful, such methods are disadvantageous 
in that they are costly and often suffer from low efficiency. 

Recently, the success of embryonic stem (ES) cell technology for the produc- 
tion of "knock-out" mice has led to research focused toward the development of 
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tissue culture systems for ES cells and primordial germ cells (PGCs) in farm animal 
species. The ability to maintain ES undifferentiated cells in continuous culture 
enables in vitro transfection of such cells and ideally the selection of transfected 
cells which contain a desired gene prior to their transfer to the inner cell mass of a 
5 developing embryo to generate chimeric animals. Ideally, at least some of the 
resultant chimeric animals will be able to segregate the DNA construct via the germ 
line and, hence, produce transgenic progeny. However, to date, targeted (site- 
specific) integrations have only been achieved in mice. Currently, the ability to do 
targeted DNA integration in other animal species is limited. However, work in this 

1 0 direction is in progress and should be realized soon. 

In particular, there has been considerable research targeted toward improving 
the genome of Gallinacea and chickens in particular because of the considerable 
economic importance thereof. A fairly complete review of the state of research 
directed at the generation of transgenic chickens was published three years ago 

15 (Sang, Trends in Biotech., 12:415-420 (1994)). As discussed therein, there are 
basically two alternative routes under investigation for producing transgenic 
chickens. These methods can be distinguished based on the time when ma- 
nipulation of the genome is effected, i.e., before lay or after lay. The latter method 
includes the transfer of donor ES and PGC to recipient embryos. Moreover, in both 

20 routes, the bulk of the work has been effected by infecting donor cells with 
retroviral vectors containing a gene of interest. 

The first approach, which comprises manipulation of the genome before lay 
has yielded mixed and/or inefficient results. For example, the infection of oocytes 
in the ovary (Shuman, and Shoffeer, Poultry ScL, 65:1437-1494 (1986) and pre- 

25 incubation of sperm with plasmid DNA (Gruenbaum et al., J. Cell Biochem Supp., 
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15:194 (1991) were inefficient and have not been repeated. Also, the transfection 
of sperm cells with a plasmid construct by lipofection has been demonstrated 
(Squires and Drake, Anim. Biotech., 4:71-78 1993). However, germ line trans- 
mission was not reported. 
5 Also, the direct microinjection of DNA into the germinal disk followed by 

embryo culture has been reported to yield 0.1% live transgenic chimeric birds 
(Sang, W., Trends in Biotech., 12:415-42 (1994)) with one bird transmitting the 
transgene to 3.4% of its offspring (Love et al., Bio/Technology, 12:60-63 (1994)). 
This same approach was taken by Naito et al (J. Reprod. Fertil, 102:321-325 
10 (1994)). However, similarly no germ line transmission of the transgene was 
reported therein. 

The second approach, which comprises manipulation of the genome after lay, 
has yielded better results. Chimeric birds, generated by injection of laid eggs with 
replication competent retroviral vectors, have shown germ line transmission to 1% 

15 and 1 1% of their offspring (Salter et al., In Manipulation of the Avian Genome, 
Etches, RJ et al., eds. pp 138-150 CRC Press (1993)). More encouraging results, 
using replication-defective retroviral vectors and injection into laid eggs, generated 
8% chimeric male birds that transmitted the vector to their offspring at a frequency 
of 2 to 8% (Bosselman et al., Science, 243:535-535 (1989)). 

2 o However, the injection of laid eggs with plasmid constructs in the presence 

of reagents known to promote transfection has failed to yield stably integrated or 
constructs or transgenic birds (Rosenblum and Cheng, J., Cell Biochem Supp., 15E 
208 (1991)). In general, the use of retroviral vectors for the generation of transgenic 
chickens is not widespread because of significant disadvantages associated 

25 therewith. Such disadvantages include the constraints on the size of the cloning 
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insert that can be stably introduced therein and the more serious potential 
disadvantage of possibly inducing recombination events with endogenous viral loci 
or with other avian leukosis viruses. 

A significant problem with all of these methods is the fact that long term 
5 culture systems for chicken ES and PGC have been relatively difficult to establish. 
To the best of the inventors' knowledge, it is believed that the longest avian PGCs 
have been cultured with the successful production of chimeric birds is less than 5 
days. 

Previous PGC culturing methods have included the use of growth factor, in 

10 particular LIF or IGF-I. However, as noted, such methods have not been able to 
provide for prolonged culturing periods, a prevalent concern as it would facilitate 
the production of transgenic PGCs. 

Notwithstanding the problems in achieving long term culturing, both ES and 
PGC cells have been successfully used to generate chimeras by infection of such 

15 cells with replication competent and incompetent retroviral vectors. Further, as 
discussed above, freshly obtained blastodermal cells have been injected into re- 
cipient embryos, resulting in birds with chimeric gonads (Carsience et al., Devel, 
1 17:669-675 1993)). Blastodermal cells can be efficiently transfected by lipofec- 
tion and then transferred into recipient embryos. However, germ line transmission 

2 0 of transfected cells has not been reported. 

Also, Pain et al., DeveL, 122:2329-2398 (1996), have recently demonstrated 
the presence of putative chicken ES cells obtained from blastodermal cells. They 
further reported maintenance of these cells in cultures for 35 passages assertedly 
without loss of the ES phenotype (as defined by monoclonal antibodies to mouse 

25 ES cells). (Id.) These cells apparently develop into PGCs upon transfer into avian 
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embryos where they colonize in the gonads. However, they did not establish 
definitively that these cells were in fact ES cells. 

The cross-reactivity of mouse ES monoclonal antibodies with chicken ES 
cells might argue favorably for conservation of ES cell receptors across species. 
5 Also, the fact that these researchers were also able to generate two chimeric 
chickens with injections of 7 day old blastodermal cell cultures would arguably 
suggest the presence of ES cells in their system. However, these researchers did not 
rule out the possibility that PGCs were present in their complex culture system. 
Thus, this long term ES culture system should be further tested for pluripotency and 

10 germ line transmission. (Id.) 

An alternative route to the production of ES cells, comprises PGCs. 
Procedures for the isolation and transfer of PGCs from donor to recipient embryos 
have been developed and have successfully generated chimeric chicken with germ 
line transmission of the donor genotype (Vick et al., London Ser. B, 251:179-182 

15 (1993), Tajima et al, Theriogenology, 40:509-519 (1993)). Further, PGCs have 
been cryopreserved and later thawed to generate chimeric birds (Naito et al., J. 
Reprod. Fertile 102:321-325 (1994)). However, this system is very labor intensive 
and only yields, on average, only 50 to 80 PGCs per embryo. Infection of PGCs 
with retroviral vectors has also been reported. However, to date, the growth of 

2 0 PGCs in culture for prolonged periods to facilitate selection of transfected PGCs has 
not been achieved. Thus, based on the foregoing, it is clear that improved methods 
for culturing PGCs comprises a significant need in the art. 
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OBJECTS OF THE INVENTION 

It is an object of the invention to solve the problems of the prior art. 
It is a more specific object of the invention to provide a novel method for 
culturing avian primordial germ cells (PGCs) for prolonged periods in tissue cul- 
5 ture. 

It is an even more specific object of the invention to provide a novel method 
for culturing Gallinaeea, especially chicken, primordial germ cells (PGCs) for pro- 
longed periods in tissue culture. 

It is another object of the invention to use avian primordial germ cells which 

10 have been cultured for prolonged periods in tissue culture for the production of 
chimeric avians, preferably poultry, and most preferably chickens or turkeys. 

It is another object of the invention to introduce desired nucleic acid 
sequences into avian primordial germ cells which have been cultured for prolonged 
periods in tissue culture. 

15 It is yet another object of the invention to use avian primordial germ cells, 

which have been maintained in culture for prolonged periods, into which a desired 
nucleic acid sequence has been introduced, for the production of transgenic 
chimeric avians, preferably transgenic chimeric chickens or turkeys. 

It is still another object of the invention to use such transgenic chimeric 

2 0 avians, preferably Gallinacea and most preferably chickens, for the production of 
heterologous protein(s) encoded by a nucleic acid sequence contained in cells 
introduced therein, preferably by recovery of such protein(s) from the eggs of such 
transgenic chimeric avians, in particular transgenic chimeric chickens. 
Alternatively, such proteins may be obtained from the chimeric bird directly, e.g., 

2 5 isolated from the blood or other tissues. 
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BREEF DESCRIPTION OF THE INVENTION 

As discussed, the present invention provides a novel method for maintaining 
avian (chicken) primordial germ cells (PGCs) in tissue culture for prolonged 
periods, i.e., for at least 14 days, more preferably at least 25 days, and ideally 
5 indefinitely. 

Prior to the present invention, there were not reported any methods for 
maintaining avian PGCs in tissue culture which provided for their maintenance for 
longer than about 5 days (as demonstrated by their ability to produce chimeric 
avians). The present inventors have surprisingly discovered, by judicious 

1 0 experimentation, that the use of a culture media containing at the least the following 
growth factors: leukemia inhibitory factor (LIF), basic fibroblast growth factor 
(bFGF), stem cell factor (SCF) and insulin-like growth factor (IGF-I) enables avian 
primordial germ cells, specifically chicken primordial germ cells to be maintained 
and to proliferate for prolonged periods, i.e., at least 14 days, and for substantially 

1 5 longer in tissue culture. Moreover, these PGCs have been demonstrated to be useful 
for the generation of chimeric chickens. 

Also, these PGCs should be useful for the production of transgenic avian 
PGCs, which can be used to produce transgenic chimeric avians. It is expected that 
these transgenic chimeric avians will be useful for recovery of heterologous 

2 0 proteins, which preferably can be recovered directly from the eggs of such chimeric 
transgenic avians. For example, such avians can be used for the production and 
recovery of therapeutic proteins and other polypeptides. 
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DETAILED DESCRIPTION OF THE INVENTION 

Thus, the present invention obviates the problems associated with previous 
avian PGC culturing methods which did not enable such PGCs to be maintained in 
tissue culture for periods longer than about five days. In particular, the present 
5 inventors have surprisingly discovered that avian PGCs, preferably Gallinacea 
PGCs, and most preferably chicken PGCs can be maintained in tissue culture for 
prolonged periods, in at least 14 days, more preferably at least 25 days, and 
preferably longer, by the use of culture medium which contains at least the 
following four growth factors: 
10 leukemia inhibiting factor (LIF), stem cell factor 

(SCF), insulin-like growth factor (IGF-I) and basic 
fibroblast growth factor (bFGF). 
In general, the present culturing method comprises the following steps: 
(i) isolating PGCs from donor avian embryos; and 
15 (ii) culturing said isolated avian PGCs in a culture medium containing 

relative amounts of LIF, bFGF, SCF and IGF-I effective to promote their 
proliferation, for a prolonged time, i.e., at least 14 days, in tissue culture. Prolonged 
periods, as defined above, refers to a culture period 14 days or longer. 

Methods for isolation of primordial germ cells from donor avian embryos 
20 have been reported in the literature and can be effected by one skilled in the art. 
(See, e.g., JP 924997 published September 7, 1993 Pub. No. 05-227947; Chang et 
aL, Cell Biol Int., 19(2):143-149 (1992); Naito et al, Mol Reprod Devel, 39:153- 
161 (1994); Yasuda et al., J. Reprod. Fert., 96:521-528 (1992); and Chang et al., 
Cell Biol Int. Reporter, 16(9):853-857 (1992), all of which are incorporated by 
2 5 reference in their entirety therein). 
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The present inventors elected to isolate avian PGCs from chicken eggs which 
had been incubated for about 53 hours (stage 12-14 of embryonic development), 
removal of embryos therefrom, collection of embryonic blood from the dorsal aorta 
thereof, and transferral thereof to suitable cell culture medium (Ml 99 medium). 
5 These PGCs were then purified by ficoll density centrifugation, and resuspended in 
lOjil of the growth factor containing culture medium of the present invention. 
However, as discussed above, other methods for isolating PGCs are known and may 
alternatively be used. 

The isolated PGCs are then counted and separated manually (e.g., using a 
10 pipette). Thereafter, PGCs collected from these different avian embryos are pooled 
(to increase PGC numbers) and incubated in the subject growth factor containing 
medium. 

This culture medium, hereinafter referred to as "complete" medium contains 
LIF, bFGF, SCF and IGF-I as well as other substituents typically comprised in PGC 

15 and embryonic stem cell medium. More specifically, the subject "complete" 
medium will preferably comprise a-MEM, a well known commercially available 
cell growth medium to which has been added the above four growth factors and 
which additionally includes 10% fetal calf serum, 2 mM L-glutamine, 0.56% 
antibiotic/antimitotic, 34.56 mM 2-B mercaptoethanol, 1.0 U/jil LIF, 40.0 pg/fil 

2 0 bFGF, 60.0 pg/jil IGF-I and 80.0 pg/\i\ of SCF. 

Based on the experiments conducted to date, these are believed to correspond 
to the preferred concentrations of these growth factors. However, as described 
infra, the amounts of these growth factors can be varied with PGCs being 
successfully maintained in tissue culture. In particular, it is known that the 

25 respective amounts of these growth factors may be increased with no adverse 
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effects. Moreover, these preferred amounts may vary, e.g., if PGCs of other avians 
are cultured. 

As noted, the present inventors used as the base medium, a-MEM, a well 
known commercially available tissue culture medium. However, it is expected that 
5 other media may be substituted therefor, provided that these four essential growth 
factors are also present. Applicants particularly contemplate modification of the 
subject "complete media" to eliminate fetal calf serum, because of its undefined and 
variable composition. 

Also, while applicants cultured PGCs in the absence of feeder cells, they 

1 0 further contemplate that feeder cells may also be useful. In particular, the use of 
fibroblasts, preferably avian fibroblasts, and most preferably Gallinacea fibroblasts 
(still more preferably chicken fibroblasts), will provide for maintenance of PGCs 
in tissue culture provided that the four essential growth factors are present 
Moreover, these feeder cells may be transfected with genes encoding these growth 

15 factors, thereby eliminating the need for the exogenous addition of these factors 
during culturing. Essentially, the cells will provide a continual source of these 
growth factors. (This will be achieved by placing these growth factor genes under 
control of constitutive strong promoter and also sequences that provide for the 
secretion thereof, thereby making these growth factors available to cultured PGCs.) 

20 As noted, the amounts of these factors refer to relative amounts thereof 

effective to enable prolonged culturing of avian PGCs, preferably Gallinacea PGCs, 
and most preferably chicken or turkey PGCs, for prolonged periods in tissue culture. 

Preferably, the relative amounts of these growth factors will fall within the 
following ranges: 
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LIF 0.1 JJ/\i\ to 100.0 U/jil, more preferably 1.0 to 10.0 U/jil and most 
preferably 1 .0 to 2.0 U/^l; 

IGF-1 6.0 pg/^il to 6000.0 pg/^1, more preferably 60.0 pg/jil to 600.0 pg/jd 
by weight and most preferably 60.0 pg/^il to 120.0 pg/jil; 
5 SCF 8.0 pg/jxl to 8000 pg/nl by weight, more preferably 80.0 pg/^il to 800.0 

pg/jil and most preferably 80.0 pg/jii to 160.0 pg/jil by weight; and 

bFGF 4.0 pg/jil to 4000.0 pg/jil, more preferably 40.0 pg/^1 to 400.0 pg/jil 
by weight and most preferably 40.0 pg/jil to 80.0 pg/jil. 

In the ranges set forth above, the upper ranges are not critical to the invention 
10 and are largely dictated by cost (given the significant expense associated with 
manufacture of growth factors). 

However, it is expected that these preferred ranges may vary, e.g., if cc-MEM 
is substituted by another growth medium and if other types of avian PGCs are 
cultured. 

15 As discussed, these PGCs can be maintained for long periods in culture with 

the successful production of chimeric avians. To date, the cells have been 
maintained in tissue culture for up to about 4 months, with apparently no adverse 
effects. Also, cells of up to 25 days have been tested for their ability to effectively 
colonize avian embryonic gonads and produce chimeric birds. However, it is 

2 o expected that these cells can be cultured indefinitely, with retention of the ability 
to produce chimeric birds. 

Methods for using PGCs to produce chimeras are known in the art as 
evidenced by the prior art discussed supra. Preferably, PGCs will be transferred 
into recipient avian embryos according to the methods disclosed in the example 

25 while follows. Thereafter, successful chimera production is evaluated based on 
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migration and colonization of PGCs in the gonads, retention of PGC phenotype, or 
by looking for the presence of donor PGCs in gonads after hatching and breeding. 

In the present example, the inventors selected genotypes which are easily 
followed which affect coloration. Donor birds were white broiler type and recipient 
5 birds were black feathered birds, respectively, having specific potential genotypes. 
The putative chimeras were black feathered and produced black/white progeny 
when mated with black birds. Thereby, successful chimeras were demonstrated 
based on the production of black/white feathered progeny produced after mating the 
putative chimeric bird with another black feathered bird. 

10 In a second strategy Bar Rock birds were used as recipients, and white 

feathered birds used as donors. Putative chimeric birds were demonstrated based 
on the production of white feathered progeny having some barred feathers. 

However, the subject method should be applicable for introducing any 
desired trait by chimerization. This will, of course, depend on the genotypic 

1 5 properties of the transferred PGCs. 

As discussed, a significant application of the subject PGCs, which can be 
maintained in culture for long periods, is for the production of chimeric avians. 
This will be accomplished by introducing a desired DNA sequence into the cultured 
PGCs. Means for introducing DNAs into recipient cells are known and include 

2 0 lipofection, transfection, microinjection, transformation, microprojectic techniques, 
etc. In particular, the present inventors initially elected to introduce a vector 
containing a reporter gene by lipofection. However, while transiently transfected 
PGCs were produced, a stable transfected cell line has not, as yet, been isolated. 
However, it is expected that this can be accomplished by known techniques using 

25 the subject PGCs. 
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Preferably, a DNA will be introduced that encodes a desired gene, e.g., 
therapeutic polypeptide, growth factor, enzyme, etc., under the regulatory control 
of sequences operable in avians. Preferably, these regulatory sequences will be of 
eukaryotic origin, most preferably avian, e.g., chicken regulatory sequences. 
5 Promoters operable in avian cells, e.g., derived from avian genes or viruses are 
known in the art. 

Initially, a stable cell line which produces the desired protein will be isolated 
and used for chimera production. Also, it is desirable that the introduced DNA 
contain a marker DNA, the expression of which is easily detected, to more easily 

1 0 identify cells containing the inserted DNA. Such selectable markers are well known 
and include P-lactamase, P-galactosidase, neomycin phosphotranspherase, etc. 

Injection of the resultant transgenic PGCs into avian embryos will then result 
in the production of transgenic chimeric avians. Preferably, the desired protein will 
then be recovered from the eggs of these transgenic avians, thereby providing a 

15 continual supply of the protein. Alternatively, the protein can be recovered from 
chimeric birds directly, e.g., isolated from the systemic circulatory system. 

E XAMPLE 

The following materials and methods were used in the experiments described 

below. 

20 Materials and methods 

Animals 

White (E/E and I/I) broiler type chickens have been used as donors of PGCs 
to develop the long term PGC culture system. Two types of bird were used as 
recipient embryos, a dominant black feather (E/- and i/i) chicken line and a Bar 
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Rock (E/E and i/i) line. Dominant black birds injected with white broiler (WB) type 
PGCs are referred as E/-(WB) and Bar Rock birds injected with white broiler type 
PGCs are referred as BR(WB). 

Extraction pff>GCs 

5 Stage 13 to 14 embryos were selected for PGC extraction. PGCs were 

collected from the dorsal aorta with a fine micropipette as described by Naito et al., 
Mol Reprod. Dev., 37:167-171 (1994). PGCs from 20 embryos were pooled in 
Hanks' solution supplemented with 10% fetal bovine serum and concentrated by 
Ficoll density gradient centrifugation (Naito et al., MoL Reprod. Z)ev., 39:153-171 

10 1994). PGCs were counted and distributed in 10 \i\ drops of culture medium 
(DMEM, containing differing amounts of growth factors) at about 100 PGCs per 
drop. Culture drops were overlaid with sterile light mineral oil. 
Injection of PGCs into recipient embryos 

Stage 14-15 embryos were used as recipient embryos. After placing the egg 

15 on an appropriate surface, time was allowed for the developing embryo to position 
itself on the upper side of the resting egg. A small, about 10 mm "window" or less 
in the shell was made with a fine forceps. The embryo was brought close to the 
surface by adding a mixture of phosphate buffer saline with 4% antibiotics. After 
accommodating the embryo to visualize its heart, the marginal vein and/or dorsal 

20 aorta could be easily identified. Two hundred donor PGCs in 2 \i\ of media 
containing 0.04% trypan blue were taken into a micropipette. PGCs were injected 
into the dorsal aorta of the recipient embryo. Trypan blue, an inert cell dye, allowed 
visualization of the PGC suspension when it was being delivered. After injection 
the egg shell opening was closed with surgical tape and reinforced with paraffin. 
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Eggs were maintained for 24 hours under surveillance in a humidified C0 2 
incubator and later transferred to a regular incubator until hatching. 
Viable fluorescent staining of PGCs 

To evaluate the success of transfers and/or the ability of PGCs to migrate to 
5 the gonads, PGCs were stained with Dil fluorescent stain. Embryos were collected 
after 24 hours of transfer, placed on a petri-dish and observed under an inverted 
microscope equipped for epi-fluorescent analysis. 

J>GC culture conditions 
Several concentrations of human leukemia inhibitory factor (Lif), human 

1 0 basic fibroblast growth factor (bFGF), human insulin-like growth factor (IGF-I) and 
human stem cell factor (SCF) have been tested. Likewise, mitomycin treated 
chicken fibroblast and mouse STO cell feeder layers were tested. 
PGCS LONG-TERM CELL CULTURE MEDIUM 

In the experiments that follow, the complete cell culture medium comprised 

15 the following substituents: a-MEM (BioWhittaker, Walkersville, MD, Cat# 12- 
169F), 10% fetal calf serum (Hyclone, Logan, UT, Cat# 30070.03), 2 mM L- 
glutamine (Sigma, St. Louis, MO, Cat# G7513), 0.48% antibiotic/antimycotic 
(Signa, St. Louis, MO, Cat# A7292), 132 //M 2B mercaptoethanol (GIBCO-BRL, 
Grand Island, NY, Cat 2195-023), 0.00625 U/jil of leukemia inhibitory factor (LIF), 

2 0 0.25 pg/jxl of basic fibroblast growth factor (b-FGF), 0.5625 pg/^il of insulin like 
growth factor (IGF-I) and 4.0 pg/jil of stem cell factor (SCF) (Gen2yme, 
Cambridge, MA, Cat#'s 1999-01, 1208-00, FG121 1-1 and 1833-01 for LIF, bFGF, 
IGF-1 and SCF, respectively). Medium changes were carried out every other day 
by removing 5 \i\ of medium and adding 5 \i\ of 2X new medium. The latter 

2 5 assumed that growth factors will be labile after some period of continuous culture. 
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However, the net result is that the concentration of growth factors is doubled. 
Hence, the final medium contains now the following growth factor concentrations: 
0.0125 U/jxl of leukemia inhibitory factor (LIF), 0.5 pg/^il of basic fibroblast growth 
factor (bFGF), 1.125 pg/jil of insulin like growth factor-I (IGF-I) and 8.0 pg/jil of 
5 stem cell factor (SCF). The range of growth factor concentrations described here 
promote the maintenance and proliferation of PGCs in continuous culture. 
Moreover, it has subsequently been found that these cells survive and proliferate 
optionally in the concentrations identified supra. (Also, it has subsequently been 
demonstrated that the growth factors can be changed in the above-culture medium. 
10 In particular, as discussed supra, a particularly preferred culture medium for 
maintaining primordial germ cell cultures will comprise the same substituents as 
above wherein the amounts of LIF, IGF-I, SCF and bFGF are as follows: 
LIF : 1.0 unit/Ad 

bFGF : 40.0 pg/fA 
15 SCF : 80.0pg//zl 

IGF-I : 60.0pg//zl.) 
Using these culturing conditions, PGCs were found to form large, dense, 
loosely adherent clumps of cells (some of the clumps have several hundreds of cells 
in them) within 3 to 4 days after collection. At the end of 7 days the clumps start 
20 to have large numbers of dead cells and cellular debris surrounding them. PGC 
clumps survive up to four weeks before they become cell monolayers. At weeks 1, 
2 and 3, clumps have been dissociated, stained with a vital dye Dil and transferred 
into recipient embryos. At all three time-points cells were found in the gonads of 
some of the recipient embryos. The number of cells and the number of embryos 
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showing stained PGCs in the gonads was inversely proportional to the age of the 
PGCs culture. 

vac TRANSFER INTO RECIPIENT EMBRYOS 

For PGC transfer, the recipient egg was positioned horizontally under a 
5 dissecting scope. A small hole was pierced into the air space of the egg to lower the 
internal pressure of the egg and prevent leakage. A 10 mm window was opened on 
the ventral surface of the egg and - 1 ml of PBS with 4% antibiotic/antimitotic was 
injected through the hole to bring the embryo up until it was slightly less than flush 
with the egg shell window. To inject the PGCs, a 30 \im pipet was beveled and then 

10 pulled using a microforge to form a fine point with polished edges. Two hundred 
PGCs per embryo transfer, dissociated as described below, were picked up 
manually using a needle-pipette and a suction tube. Prior to transfer, and while in 
the pipette, PGCs were mixed with a 0.04% solution of trypan blue stain. The total 
injection volume per embryo was 2 For the final step, the recipient embryo was 

15 positioned to reveal a portion of the marginal vein. The needle-pipette with the 
PGCs was inserted and the contents carefully expelled. The needle-pipette was held 
in place for a few seconds and then removed. Recipient eggs were sealed with 2 
layers of surgical tape followed by paraffin wax coating of the entire area. 
Recipient eggs were then placed back into a rotating incubator and incubated until 

20 hatching. 

EVAI1IATTON OF THE PGC PHENOTYPE 

Chicken PGCs are positive for periodic acid Schiff staining (PAS) and are 
claimed to be positive for alkaline phosphatase. However, there is no convincing 
evidence that chicken PGCs are positive for the latter. In the absence of an 

2 5 alternative enzymatic or molecular marker method to characterize chicken PGCs, 
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their phenotype was evaluated by transferring cells to recipient embryos and 
evaluating their presence in the gonads of the developing embryo. This method 
required culturing the PGCs in 100 fig/ml Dil in a a-MEM medium and rinsing 
prior to transfer to recipient embryos. Twenty-four hours post-transfer recipient 
5 embryos were removed and placed under an inverted microscope. Dil labeled cells 
observed in the gonads were interpreted as successful PGC migration to the gonads 
and confirmation of retention of PGC characteristics. A second method to evaluate 
the retention of the PGC phenotype was pursued by letting recipient embryos go to 
hatching and then evaluate the presence of donor PGCs in their gonads after 
10 breeding. 

BREEDING STRATEGY FOR PGC EVALUATION 

Two breeding strategies were followed. The first strategy used recipient 
black feathered birds with possible genotype i/i, E/E, s/s, b/b and donor white 
feathered broiler type birds with genotype I/I, E/E, S/S, B/B. To prove that 

15 recipient animals were chimeric, that is to say that contain their own PGCs and 
donor PGCs in their gonads, they were mated to pure black feathered birds. If the 
resulting progeny was all black feathered then the animal was assumed to be non 
chimeric. However, if some of the progeny was white feathered with some black 
feathered patches then the recipient animal would be chimeric. For the second 

20 breeding strategy Bar Rock birds were used as recipient embryos while white 
feathered broiler type birds were continued to be used as donors. In this latter case 
when putative chimeric birds were mated to pure Bar Rocks, the presence of white 
feathered progeny with some barred feathers would identify a positive chimeric 
bird. Fifty progeny were obtained from each putative chimeric bird before 

2 5 concluding on its chimeric status. 
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PROGENY TESTS 

Putative chimeric E/-(WB) birds when crossed to WB birds produced pure 
white chicks when they originated from a donor (WB) PGC and, white with black 
speckled feathers chicks when they originated from the (E/-) PGC. Similarly, when 
5 BR(WB) were crossed to WB birds, pure white chicks were produced when 
originating from a donor (WB) PGC and white-speckled black chicks when they 
originated from a (BR) PGCS. Crosses between putative BR chimeric birds were 
also done. For the latter, white chicks were produced when fertilization between 
two (WB) PGCs occurred and black chicks were the result of fertilization with two 

10 (BR) PGC. The intermediate white chick with speckled black feathers only 
happened when a (BR) PGC was fertilized by a (WB) PGC. 
T ONG-TERM CULTURES BEYOND 25 DAYS 

After 25 days of continuous cultures, PGC clumps form rapidly spreading 
monolayers. These monolayers of cell shave a flat adherent base and looser clumps 

15 and chains of PGC like cells on the upper surface. Some packets of these 
monolayers of cells remain PAS positive. Dil stained cells obtained from these 
monolayers have been transferred to recipient embryos. Some embryos have shown 
few cells localized in their gonads. Cell monolayers have been passaged 
successfully. Generally, these cells are capable of undergoing 3 to 5 passages 

20 before they start to slow down their proliferation, age and become fibroblastic 
looking. There are few cell lines that have gone through multiple passages and 
continue to thrive without apparent differentiation for about four months in 
continuous culture. 

Two cells lines obtained from monolayers, P102896 and PI 10596, have been 

25 frozen. The former did not show apparent differentiation and was marginally 
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positive for alkaline phosphatase while the latter showed neuronal cell morphology 
and was strongly positive for alkaline phosphatase. Further characterizations of 
PGC monolayers as described here remain to be assessed for totipotency and 
pluripotency. 

5 Summary of Results 

Chimeric chickens were generated from fresh and cryopreserved PGCS. 
Twenty-five (74%) out of 34 putative chimeric chickens, produced with fresh PGCs 
transfers, proved to be true chimeric animals after progeny testing. Thirty (88%) 
out of 34 putative chimeric birds, produced with cryopreserved PGCs, were 

1 0 demonstrated to be true chimeric chickens. In all cases, at least 40 progeny were 
produced and the number of donor PGCs that were fertilized per chimeric bird 
varied from 1.4% to 100%, with the majority ranging between 30% to 60%. 
Assuming that the latter is a reflection of the number of PGCs that migrated to the 
gonad after injection, then the range of success per injection was varied. However, 

1 5 other mechanisms might be operating that might impact the number of PGCs that 
become established in the recipient gonad. Such mechanisms were not evaluated 
in this study. Also, on average, we did not observe any significant alteration of sex 
ratio in the progeny of chimeric birds. 

PGC culture condjtjQns 

2 0 None of the cell feeder layers evaluated in this study improved the long term 

culture conditions of the PGCS. None of the growth factors alone, at any of the 
concentrations studied, was able to sustain PGCs in vitro without differentiation. 
Combinations of two and three growth factors were also tested with little success. 
Based on our results, it appears that all of the factors described above (LIF, BFGF, 

25 IGF-I and SCF) are required for long term culture of PGCS. We are still testing 
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different concentrations and combinations of the above mentioned growth factors 
in an effort to define the best possible conditions for long term culture of PGCS. 
Based on Dil staining of PGCs we have observed that, under our culture conditions, 
PGCs originating from 14 day old continuous cultures migrate to the gonads of 
5 recipient embryos alter injection. We have also transferred PGCs that have been 
maintained in culture for 25 days to three recipient embryos. One of these embryos 
was chimeric as demonstrated by progeny testing. 

PGC ohenotvve under long term culture conditions 
After collection, PGCs are recognized by their size and by the presence of 

10 libid droplets in their cytoplasm. At about 48 hours after collection, PGCs clump 
together and start dividing as evidenced by the growth in size of the clump and the 
number of cells observed after trypsin dissociation of the clump. Only PGCs that 
form clumps survive, all others die. Generally, a culture starting with 100 PGCs 
would end up with an average of 600 to 800 PGCs within seven days. Clearly some 

15 PGCs divide, albeit not at an efficient rate. However, as indicated above, these 
PGCs maintain their ability to migrate to the gonads. 
LONG-TERM CULTURES BEYOND 25 DAYS 

After 25 days of continuous cultures, PGC clumps form rapidly spreading 
monolayers. These monolayers of cells have a flat adherent base and looser clumps 

20 and chains of PGC like cells on the upper surface. Some packets of these 
monolayers of cells remain PAS positive. Dil stained cells obtained from these 
monolayers have been transferred to recipient embryos. Some embryos have shown 
few cells localized in their gonads. Cell monolayers have been passaged 
successfully. Generally, these cells are capable of undergoing 3 to 5 passages 

2 5 before they start to slow down their proliferation to age and become fibroblast-like 
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in appearance. There are few cell lines that have gone through multiple passages 
and continue to thrive without apparent differentiation for about four months in 
continuous culture. 

Two cell lines obtained from monolayers, PI 02896 and PI 10596, have been 
5 frozen. The former did not show apparent differentiation and was marginally 
positive for alkaline phosphatase while the latter showed neuronal cell morphology 
and was strongly positive for alkaline phosphatase. Further characterization of PGC 
monolayers as described here remains to be assessed for totipotency and 
pluripotency. 

10 In particular, it has been shown that PGCs cultured using the above four 

growth factors for at least 25 days can successfully colonize the gonads and produce 
chimeric chickens. Also, we have maintained PGC cells in culture for up to four 
months. These cultures still appear to comprise cells having the desired PGC 
phenotype. While these cells were not tested for their ability to produce chimeric 

1 5 birds, based on their appearance, it is expected that they should be useful therefor. 

PGC transfection 

Lipofection of a vector containing the green fluorescence protein reporter 
gene has been used for transfection of PGCS. On average 1/50 PGCs were 
transiently transfected, however, no stable transfected cell line has been developed 
20 yet 

In summary, these results indicate that PGCs can be maintained for long 
periods and successfully used for the production of chimeric birds. Further changes 
on growth factors) concentrations and the use of other growth factors may further 
optimize culturing conditions. To be useful, a PGC culture system should allow for 
25 transfection and selection of PGCs while maintaining the PGC ability to migrate to 
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the gonads. Also, as disclosed in more detail in a related application (filed on even 
date), chicken PGCs, August 3, 1998after prolonged culturing, revert to the ES cell 
phenotype, as occurs with mouse PGCs (Matsui et aL, Cell, 70:841-847, 1992). 
Therefore, injection of dispersed ES cells into recipient blastoderms should provide 
another means for the generation of chimeric and transgenic chickens. 
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WHAT IS CLAIMED IS : 

1. A culturing method which provides for maintenance of avian 
primordial germ cells for prolonged periods comprising the following steps: 

(i) isolating primordial germ cells from a desired avian; and 

(ii) culturing said primordial germ cells in a culture medium containing at 
least the following growth factors contained in amounts sufficient to maintain said 
PGCs for prolonged periods in tissue culture: 

( 1 ) leukemia inhibitory factor (LIF), 

(2) basic fibroblast growth factor (bFGF), 

(3) stem cell factor (SCF) and 

(4) insulin-like growth factor (IGF-I), for a prolonged time period. 

2 . The method of Claim 1 , wherein the minimal amounts of said growth 
factors preferably range from: 

(1) LIF 0.1 U/jil to 100.0 V//A 

(2) bFGF 4.0 pg/^1 to 4000 pg/^1 

(3) IGF-I 6.0 pg/^1 to 6000.0 pg/^1, and 

(4) SCF 8.0 pg/^il to 8000 pg//zl. 

3. The method of Claim 2, wherein the amounts of said growth factors 
more preferably range from 

(1) LIFl.OU/jilto 10.0U//il 

(2) bFGF 40.0 pg/jil to 400.0 pg/j/I 

(3) IGF-I 60.0 pg/*il to 600.0 pg//zl, and 
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(4) SCF 80.0 to 800.0 pg//il. 

4. The method of Claim 1, wherein said avian PGCs are obtained from 
an avian of the genus Gallinacea. 

5. The method of Claim 4, wherein said PGCs are chicken PGCs or 
turkey PGCs. 

6. The method of Claim 1 , wherein said PGCs are maintained in culture 
for at least 14 days. 

7. The method according to Claim 6, wherein said PGCs are maintained 
in culture for at least 25 days. 

8. The method according to Claim 7, wherein said PGCs are maintained 
in culture for at least 4 months. 

9. The method of Claim 1 , which further comprises: 

(iii) transfecting or transforming the resultant PGCs with a desired nucleic 
acid sequence. 

1 0. The method of Claim 9, wherein said nucleic acid sequence encodes 
a therapeutic polypeptide. 

11. An improved method of producing chimeric avians which comprises: 
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(i) isolating primordial germ cells from an avian; 

(ii) maintaining such PGCs in a tissue culture medium containing at least the 
following growth factors; 

(1) leukemia inhibitory factor (LIF), 

(2) basic fibroblast growth factor (bEGF), 

(3) stem cell factor (SCF) and 

(4) insulin-like growth factor (IGF-I); 

(iii) transferring said PGCs into a recipient avian embryo; and 

(iv) selecting for chimeric avians which have the desired PGC phenotype. 

12. The method according to Claim 1 1 , wherein said PGCs are derived 
from avian embryos of the genus Gattinacea. 

13. The method according to Claim 12, wherein said avian embryos are 
turkey or chicken embryos. 

14. The method according to Claim 1 1 , wherein said PGCs are transfected 
or transformed with a desired nucleic acid sequence prior to transferral to a recipient 
avian embryo. 



15. The method according to Claim 14, wherein said nucleic acid 
sequence encodes a therapeutic polypeptide. 
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1 6. The method according to Claim 1 5, which further includes purifying 
said therapeutic polypeptide from the eggs of the chimeric avians produced 
according to step (iv). 

17. The method according to Claim 11, wherein the PGCs are injected 
into the dorsal aorta and/or marginal vein of a recipient avian embryo or into 
recipient blastoderms. 

18. An avian PGC cell line obtained by the culturing method of Claim 1 . 

1 9. The cell line of Claim 1 8, which is a chicken or turkey PGC cell line. 



20. 

sequence. 



The cell line of Claim 18, which contains an inserted nucleic acid 
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CELLULES ES MODOTEES ET GENE SPECIFIQUE DE CELLULES ES 

La prfeente invention conceme des cellules ES d'oiseau modifi&s, 
5 exprimant sp&nfiquement un g&ne exogene lorsqu'elles possfident un caract&re 
pluripotent L'invention conceme 6galement un acide nucl&que et un polypeptide 
exprimes specifiquement dans (es cellules d'oiseau phmpotentes, ainsi que des 
m&hodes de detection du caract&e pluripotent de cellules mettant en ceuvre ces 
acide nucl&que et polypeptide. 

10 Les cellules ES sont des cellules pluripotentes isol&s d'embryon tres 

prfcoce, qui sont capables de participer h la morphogen£se de tous les tissus 
inchiant le tissu germinal, aprfis Ieur transplantation dans des embryons hotes. Ces 
cellules ont d > abord &6 isol£es chez la souris oil eUes sont tr&s largement utilises 
pour la creation d'animaux mutants portant des modifications tris cibl6es de leur 

15 genome. Des cellules ES ont 6t6 isol&s et caract&is£es chez les oiseaux (Pain et 
col. 1996). Ces cellules peuvent etre utilises pour modifier le patrimoine g£n£tique 
du poulet (Etches et al. 1996, Pain et col. 1999). Un milieu de culture permettant de 
maintenir le caract&re pluripotent de ces cellules d'oiseaux a fait l'objet de la 
demande de brevet WO 96/12793. 

20 La difficult^ rencontrfe par tous ceux qui veulent isoler des cellules ES en 

culture, conceme Fidentification rapide de ces cellules et de leur caract&e 
pluripotent Plusieurs marqueurs cellulaires ont && utilises comme 1 'expression 
d'une activity phosphatase alcaline (Strickland et col. 1980), F expression d'dpitopes 
antigSniques (Kernler et col. 1981, Solter et Knowles 1978), l'expression de 

25 prot&nes sp&ifiques comme OCT-3 (Rosner et col. 1990), l'expression d'une 
activity telom&rase (Prowse et Greider 1995). Les prot&nes OCT-3, REX-1, UTF-1 
entre autres n'ont 6t6 identifies jusqu'i present que chez la souris. La verification 
ultime du caractere pluripotent repose sur I'analyse des potentiality 
morphog6n&iques de ces cellules apres leur greffe dans des embryons hdtes, ce qui 

30 represente un test tr&s louid. 

Une autre difficult^ rencontrge avec la culture des cellules ES en culture 
comprend l'obtention de populations cellulaires d*un degr£ d^6terog6neit6 faible et 
satisfaisant, et le probl&me du contr61e de la croissance en culture de cellules non- 
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pluripotentes. En efFet, un probl£me particulier assocte k la presence continuelle de 
certains types cellulaires dirferencies, c'est-i-dire que ces cellules sont capables 
d'eiiminer les cellules ES de la culture en induisant leur differentiation ou leur mort 
celhilaire programme. 
5 La prfeente invention se propose de simplifier ^identification du caract&e 

pluripotent de cellules d'oiseaux en culture, par la divulgation d*une sequence 
nucleique (g£ne ens-J) exprim^e sp^cifiquement et s61ectivement par les cellules 
pluripotentes. 

Ainsi, la pr6sente invention a pour objet un acide nucleique caract£ris£ en ce 
10 qu'il comprend une sequence nucleique choisie dans le groupe de sequences 
suivantes : 

a) SEQ ID N° 1, ou le fragment correspondant aux nucleotides 
1409-2878 de SEQ ID N° 1 ; 

b) la sequence d'un fragment d'au moins 15 nucleotides consecutifs 
15 d'une sequence choisie parmi SEQ ID N° 1 en particulier le 

fragment correspondant aux nucleotides 3111-3670 de SEQ ID 
N°l ; 

c) une sequence nucleique pr&entant un pourcentage d'identite 
d'au moins 80 %, apr£s aligaement optimal avec une sequence 

20 definie en a) ou b), ladite sequence n'etant pas definie pax les 

nucleotides 2308-2927 ou 3094-3753 de SEQ ID N° 1 ; 

d) une sequence nucleique sTrybridant dans des conditions de forte 
stringence avec une sequence nucleique definie en a) ou b) , 
ladite sequence n'etant pas definie par les nucleotides 2308-2927 

25 ou 3094-3753 de SEQ ID N° 1 ; 

e) la sequence compl£mentaire ou la sequence d'ARN 
correspondant k une sequence telle que definie en a), b), c) ou d). 

De preference, la base pr6sente en 2773 de SEQ ID N° 1 est un «t», le 
codon correspondant codant alors pour une threonine. 
30 La sequence d'acides nucieiques selon Pinvention definie en c) pr£sente un 

pourcentage d'identite d'au moins 80 % apr£s alignement optimal avec une 
sequence telle que definie en a) ou b) ci-dessus, de preference 90 %, de fa$on la 
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phis pr£f£r£e 98 %. De preference, la sequence definie en c), d) ou en e) est 
compar6e k une des s&jueaces d6finies en a). 

Pax acide nucieique, sequence nucieique ou d'acide nucieique, 
polynucleotide, oligonucleotide, sequence de polynucleotide, sequence 
5 nucI6otidique, tennes qui seront employes indifferemment dans la prfeente 
description, on entend designer un enchainement precis de nucleotides, modifies ou 
non, permettant de definir un fragment ou une region d'un acide nucieique, 
oomportant ou non des nucleotides non natureJs, et pouvant correspondre aussi bieai 
k un ADN double brin, un ADN simple brin que des produits de transcription 

10 desdits ADNs. Ainsi, les sequences nucleiques selon l'invention englobent 
6galement les PNA (Peptid Nucleic Acid), ou analogues. 

D doit etre compris que la presente invention ne conceme pas les sequences 
nucieotidiques dans leur environnement chromosomique naturel, c'est-&rdire k l'6tat 
naturel. n s'agit de sequences qui ont 6t6 isoiees et/ou purifides, c'est-i-dire qu'elles 

15 ont et6 preievees directement ou indirectement, par exemple par copie, leur 
environnement ayant 6t6 au moins partiellement modifie. On entend ainsi egalement 
designer les acides nucleiques obtenus par synthase chimique. 

Par « pourcentage d'identite » entre deux sequences d'acides nucleiques ou 
d'acides amines au sens de la presente invention, on entend designer un 

20 pourcentage de nucleotides ou de r6sidus d*acides amines identiques entre les deux 
sequences k comparer, obtenu apr£s le meilleur alignement, ce pourcentage etant 
purement statistique et les differences entre les deux sequences etant r6parties au 
hasard et sur toute leur longueur. On entend designer par "meilleur alignement" ou 
"alignement optimal", 1'alignement pour lequel le pourcentage d'identite determine 

25 comme ci-apr&s est le plus eieve. Les comparaisons de sequences entre deux 
sequences d'acides nucleiques ou d' acides amines sont traditionnellement realisees 
en comparant ces sequences apr£s les avoir alignees de mani&re optimale, ladite 
comparaison etant realisee par segment ou par « fendtre de comparaison » pour 
identifier et comparer les regions locales de similarite de sequence. L'alignement 

30 optimal des sequences pour la comparaison peut etre realise, outre manuellement, 
au moyen de l'algorithme d'homologie locale de Smith et Waterman (1981), au 
moyen de l'algorithme d'homologie locale de Neddleman et Wunsch (1970), au 
moyen de la methode de recherche de similarite de Pearson et Lipman (19S8), au 
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moyen de logiciels informatiques utiKsant ces algoritbmes (GAP, BESTFIT, 
BLAST P, BLAST N, FASTA et TFASTA dans le Wisconsin Genetics Software 
Package, Genetics Computer Group, 575 Science Dr., Madison, WI). Afin d'obtenir 
Palignement optimal, on utilise de preference le programme BLAST, avec la 
5 matrice BLOSUM 62. On peut egalement utiliser les matrices PAM ou PAM250. 

Le pourcentage d'identite entre deux sequences d'acides nucleiques ou 
d'acides amines est determine en comparant ces deux sequences alignees de 
maniere optimale, la sequence d'acides nucleiques ou d'acides amines k comparer 
pouvant comprendre des additions ou des deletions par rapport k la sequence de 

10 reference pour un alignement optimal entre ces deux sequences. Le pourcentage 
d'identite est calcule en determinant le nombre de positions identiques pour 
lesquelles le nucleotide ou le residu d'acide amine est identique entre les deux 
sequences, en divisant ce nombre de positions identiques par le nombre total de 
positions comparers et en multipliant le resultat obtenu par 100 pour obtenir le 

1 5 pourcentage d'identite entre ces deux sequences. 

Par sequences nucleiques presentant un pourcentage d'identite d'au 
moins 80 %, de preference 90 %, de fecon plus pr6fi£ree 98 %, apres alignement 
optimal avec une sequence de reference, on entend designer les sequences 
nucleiques presentant, par rapport h la sequence nucleique de reference, certaines 

20 modifications comme en particulier une deletion, une truncation, un allongement, 
une fusion cbimerique, et/ou une substitution, notamment ponctuelle, et dont la 
sequence nucleique presente au moins 80 %, de preference 90 %, de facon plus 
preferee 98 %, d'identite apres alignement optimal avec la sequence nucleique de 
reference. D s'agtt de preference de sequences dont les sequences compiementaires 

25 sont susceptibles de sTrybrider specifiquement avec la sequence SEQ ID N° 1 de 
I' invention. De preference, les conditions dTiybridation specifiques ou de forte 
stringency seront telles qu'elles assurent au moins 80 %, de preference 90 %, de 
fecon plus preferee 98 % d'identite apres alignement optimal entre Tune des deux 
sequences et la sequence complementaire de l'autre. 

30 Une hybridation dans des conditions de forte stringence signifie que les 

conditions de temperature et de force ionique sont choisies de telle maniere qu'elles 
permettent le maintien de ITiybridation entre deux fragments d'ADN 
compiementaires. A titre illustrate des conditions de forte stringence de Petape 
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d'hybridation aux fins de d6finir les fragments polynucieotidiques dfcrits ci-dessus, 
sont avantageusement les suivantes. 

LTiybridation ADN-ADN ou ADN-ARN est rfaliste en deux etapes : (1) 
pi^hyhridation k 42°C pendant 3 heures en tampon phosphate (20 mM, pH 7,5) 
5 contenant 5 x SSC (I x SSC correspond k une solution 0,15 M NaCl + 0,015 M 
citrate de sodium), 50 % de fonnamide, 7 % de sodium dodecyl sulfite (SDS), 10 x 
Denhardt's, 5 % de dextran sulfate et 1 % d'ADN de spenne de saumon ; (2) 
hybridation proprement dite pendant 20 heures a une temperature dependant de la 
taille de la sonde (i.e. : 42°C, pour une sonde de taille > 1 00 nucleotides) suivie de 2 

10 lavages de 20 minutes k 20°C en 2 x SSC + 2 % SDS, 1 lavage de 20 minutes 4 
20°C en 0,1 x SSC + 0,1 % SDS. Le dernier lavage est pratique en 0,1 x SSC + 0,1 
% SDS pendant 30 minutes a 60°C pour une sonde de taille > 100 nucleotides. Les 
conditions d 'hybridation de forte stringence d&rites ci-dessus pour un 
polynucleotide de taille definie, peuvent §tre adaptees par l'homme du m£tier pour 

15 des oligonucleotides de taille phis grande ou plus petite, selon renseignement de 
Sambrook et al., 1989. 

Parmi les sequences nucieiques presentant un pourceatage d'identite d'au 
moins 80 %, de preference 90 %, de fa$on plus preferee 98 %, apr£s alignement 
optimal avec la sequence selon P invention, on pr6fere egalement les sequences 

20 nucieiques van antes de SEQ ID N° 1, ou de ses fragments, c*est-A-dire Pensemble 
des sequences nucieiques correspondant k des variants alleliques, c*est-&-dire des 
variations individuelles de la sequence SEQ ID N° 1. Ces sequences mutees 
naturelles correspondent k des polymorphi smes presents chez les oiseaux, en 
paiticulier chez les gaUifbrmes. De preference, la presente invention conceme les 

25 sequences nucieiques variantes dans lesquelles les mutations conduisent k une 
modification de la sequence d'acides amines du polypeptide, ou de ses fragments, 
codes par la sequence normale de SEQ ID N° 1 . 

On entend egalement designer par sequence nucieique variante tout ARN ou 
ADNc resultant d*une mutation et/ou variation d*un site d'epissage de la sequence 

30 nucieique gSnomique dont PADNc a pour sequence SEQ EDN° L 

L'invention conceme de preference un acide nucieique purifie ou isoie selon 
la presente invention, caract£ris£ en ce qu'il compTend ou est constitue de la 
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sequence SEQ ED N° 1, de sa sequence compl&nentaire ou de la sequence de 
1'AKN coirespondant k SEQ ID N° 1. 

De pr£f&ence, les fragments s'hybridant k 1'adde nucl&que selon 
5 l'invention, ou homologue audit acide nucl&que ne sont pas d£finis par les 
nud&tides 2308-2927 ou 3094-3753 de SEQ ID N° 1, qui correspondent 
approximativement k des EST (num&os GenBank AJ397754 et AJ393785) qui ont 
&& obtenues par s&juen9age syst6matique et sur lesquelles aucune donn£e 
notamment fonctionnelle n'a &6 foumie. Pour cette raison, ces divulgations doivent 
1 0 etre consid£r£es comme des divulgations accidentelles. 

Les amorces ou sondes, caract£ris£es en ce qu'dles comprennent une 
sequence d*un acide nucl&que selon rinvention, font ggalement partie de 
rinvention. 

15 Ainsi, la pr€sente invention conceme ggalement les amorces ou les sondes 

selon 1'invention qui peuvent pennettre en parti culier de mettre en evidence ou de 
discriminer les sequences nucl&ques variantes, ou d'identifier la sequence 
g&iomique du gfine dont TADNc est repr£sent6 par SEQ ID N° 1, en utilisant 
notamment une m&hode d'ampHfication telle que la mfethode PCR, ou une m&hode 

20 apparentee. 

L'invention conceme 6galement l'utilisation d'une sequence d'adde 
nucl&que selon rinvention comme sonde ou amorce, pour la detection, 
Identification, le dosage et/ou P amplification de sequences d'adde nud6ique. 

L'invention conceme 6galement l'utilisation d'une sequence d'adde 
25 nudfique sdon l'invention comme oligonudfetide seas ou antisens. 

Selon l'invention, les polynucleotides pouvant Stre utilises comme sonde ou 
comme amorce dans des proc6d£s de detection, d'identification, de dosage ou 
d'amplificafion de sequence nucl&que, pr£sentent une taille minimale de IS bases, 
de preference de 20 bases, ou mieux de 25 k 30 bases. 
30 Les sondes et amorces sdon rinvention peuvent 6tre marquees directement 

ou indirectement par un compost radioactif ou non radioactif par des m&hodes bien 
connues de rhomme du metier, afin d'obtenir un signal detectable et/ou 
quantifiable. 
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Les sequences de polynucleotides selon rinvention non marquees peuvent 
Stre utilises directement comme sonde ou amorce. 

Les sequences sont generalement marquees pour obtenir des sequences 
utilisables pour de nombreuses applications. Le marquage des amorces ou des 
5 sondes selon Finvention est realise par des elements radioactifs ou par des 
mol6cules non radioactives. 

Parmi les isotopes radioactifs utilises, on peut citer le 32 P, le 33 P, le 35 S, le *H 
ou le 125 L Les entit& non radioactives sont s^lectionntes parmi les ligands tels la 
biotine, Vavidine, la streptavidine, la dioxygenine, les haptSnes, les colorants, les 
10 agents luminescents tels que les agents radioluminescents, (A^oluminescents, 
bioluminescents, fiuorescents, phosphorescents. 

Les polynucleotides selon rinvention peuvent ainsi Stre utilises comme 
amorce et/ou sonde dans des proc&tes mettant en oeuvre notamment la technique de 
PCR (amplification en chaine par polymerase) (Rolfs et al., 1991). Cette technique 
15 n6cessite le choix de paires d'amorces oligonucl6oudiques encadrant le fragment 
. qui doit etre amplifie. On peut, par exemple, se rifker k la technique decrite dans le 
brevet am&icain U.S. N° 4,683,202. Les fragments amplifies peuvent dtre 
identifies, par exemple apres une eiectrophorese en gel d'agarose ou de 
polyacrylamide, ou apr£s une technique chromatographique comme la filtration sur 
20 gel ou la chromatographic echangeuse d'ions, puis sequences. La specificity de 
ramplification peut etre contr61£e en utilisant comme amorces les sequences 
nucieotidiques de polynucleotides de 1'invention et comme matrices, des plasmides 
contenant ces sequences ou encore les produits d'amplification derives. Les 
fragments nucieotidiques amplifies peuvent £tre utilises comme reactife dans des 
25 reactions d'hybridation afin de mettre en evidence la presence, dans un echantillon 
biologique, d'un acide nucieique cible de sequence compiementaire k celle desdits 
fragments nucieotidiques amplifies. 

L'invention vise egalement les acides nucleiques susceptibles d'etre obtenus 
par amplification a l'aide d'amorces selon rinvention. 
30 D'autres techniques d'amplification de Pacide nucieique cible peuvent £tre 

avantageusement employees comme alternative k la PCR (PCR-like) k Taide de 
couple d'amorces de sequences nucieotidiques selon rinvention. Par PCR-like on 
entend designer toutes les m&hodes mettant en oeuvre des reproductions directes ou 
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indirectes des sequences d'acides nud&ques, ou bien dans lesqaelles les syst&nes 
de marquage ont 6t6 amplifies, ces techniques sont bien entendu connues. En 
g6n&al il s'agit de Pamplification de PADN par une polymerase ; lorsque 
P6chantillon d'origine est un ARN il convient pr6alablement d'effectuer une 
5 transcription revise. II existe actuellement de tr£s nombreux proc£d& pennettant 
cette amplification, comme par exemple la technique SDA (Strand Displacement 
Amplification) ou technique d' amplification k ddplacement de brin (Walker et al., 
1992), la technique TAS (Transcription-based Amplification System) dgcrite par 
Kwoh et al. (1989), la technique 3SR (Self-Sustained Sequence Replication) dficrite 

10 par Guatelli et al. (1990), la technique NASBA (Nucleic Add Sequence Based 
Amplification) d&rite par Kievitis et al. (1991), la technique TMA (Transcription 
Mediated Amplification), la technique LCR (Ligase Chain Reaction) d6crite par 
Landegren et al. (1988), la technique de RCR (Repair Chain Reaction) d&rite par 
Segev (1992), la technique CPR (Cycling Probe Reaction) dScrite par Duck et al. 

15 (1990), la technique d'amplification a la Q-b&a-i£pHcase decrite par Miele et al. 
(1983). Certaines de ces techniques ont depuis perfectionn6es. 

Dans le cas oil le polynucl6otide cible k d6tecter est un ARNm, on utilise 
avantageusement, pr£alablement k la mise en oeuvre d'une reaction d'amplification 
k Paide des amorces selon Pinvention ou k la mise en oeuvre d'un proc£d£ de 

20 detection k Paide des sondes de Pinvention, une enzyme de type transcriptase 
inverse afin d'obtenir un ADNc k partir de PARNm contenu dans P6chantillon 
biologique. L'ADNc obtenu servira alors de cible pour les amorces ou les sondes 
mises en oeuvre dans le proc&te d'amplification ou de detection selon Pinvention. 
La technique d 'hybridation de sondes peut 6tre realis^e de manieres diverses 

25 (Matthews et al., 1988). La m&hode la plus g6n£rale consiste k immobiliser Padde 
nucltique extrait des cellules de diffSrents tissus ou de cellules en culture sur un 
support (tels que la nitrocellulose, le nylon, le polystyrene) et k incuber, dans des 
conditions bien d^finies, Pacide nucl&que cible immobilise avec la sonde. Aprfes 
lTiybridation, Pexces de sonde est 61imin6 et les molecules hybrides fomjtes sont 

30 d6tect6es par la m&bode appropriSe (mesure de la radioactivity de la fluorescence 
ou de Pactivit6 enzymatique liee k la sonde). 

Selon un autre mode de mise en oeuvre des sondes nucl&ques selon 
Pinvention, ces derni&res peuvent etre utilisfies comme sondes de capture. Dans ce 
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cas, une sonde, dite « sonde de capture », est immobilis6e sur un support et sert k 
capturer par hybridation specifique l'acide nucl&que cible obtenu k partir de 
r&hantillon biologique & tester et l'acide nucl&que cible est ensuite d&ect£ grfice k 
une seoonde sonde, dite « sonde de detection », marquee par un &16ment fecilement 
5 detectable. 

Panni les fragments d'acides nucl&ques intfressants, il faut ainsi citer en 
particulier les oligonucleotides anti-sens, c'est-i-dire dont la structure assure, par 
hybridation avec la sequence cible, une inhibition de ^expression du produit 
correspondant II faut £galement citer les oligonucleotides sens qui, par interaction 
10 avec des prot&nes impliquees dans la regulation de l'expression du produit 
correspondant, induiront soit une inhibition, soit une activation de cette expression. 

Dans un mode de realisation particulier de Pinvention, l'acide nuclftque 
selon rinvention code pour un polypeptide poss&lant un fragment continu d'au 
moins 200 acides amines de la prot&ne SEQ ID N° 2, de pr6f6rence 300 acides 
15 amin&, de la fafon la plus pr£fer6e pour la prot&ne SEQ ID N° 2. Ce polypeptide 
est Sgalement un objet de Pinventioa 

En effet, la prfeente invention concerne £galement un polypeptide isol6 
caract6ris6 en ce qu'il comprend un polypeptide choisi panni : 
a) un polypeptide de sequence SEQ ID N° 2 ; 
20 . b) un polypeptide variant d'un polypeptide de sequence SEQ ID N° 

2; 

c) un polypeptide homologue k un polypeptide d^fini en a) ou b), 
comportant au moins 80 % d'identit6 avec ledit polypeptide de 

a) ; 

25 d) un fragment d'au moins IS acides amines cons&utifs d'un 

polypqptide defini en a) , b) ou c) ; 
e) un fragment biologiquement actif d'un polypeptide defini en a), 

b) ou c). 

De preference, l'acide amin6 en position 455 est une threonine. 
30 Par « polypeptide », on entend, au sens de la pi£sente invention, d&igner 

des proteines ou des peptides. 

Par « fragment biologiquement actif », on entend un fragment possddant la 
m&ne activity biologique que le fragment peptidique dont il est ddduit, de 
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preference dans le meme ordre de grandeur (k un facteur 10 pr&). Un fragment 
biologiquement actif de la prot&ne ENS-1 consiste done en un polypeptide issu de 
SEQ ID N° 2 qui pourrait possexier 6galement un role dans le caractere de 
pluripotence des cellules ES. 
5 De preference un polypeptide selon l'invention est un polypeptide constitue 

de la sequence SEQ ID N° 2 (correspondant k la protfeine code* par le gftne ens-1) 
ou d'une sequence possfedant au moins 80 % d'identite avec SEQ ID N° 2 apres 
alignement optimal. 

La sequence du polypeptide pr&ente un pourcentage d'identitfe d'au moins 

10 80 % apres alignement optimal avec la sequence SEQ ID N° 2, de preference 90 %, 
de fecon plus prfefferfee 98 %. 

Par polypeptide dont la sequence d'acides amines presentant un pourcentage 
d'identit6 d'au moins 80 %, de preference 90 %, de facxm plus prfefexfee 98 %, apres 
alignement optimal avec une sequence de reference, on entend designer les 

15 polypeptides presentant certaines modifications par rapport au polypeptide de 
reference, comme en particulier une ou plusieors deletions, troncations, un 
allongement, une fusion chimferique, et/ou une ou plusieurs substitutions. 

Panni les polypeptides dont la sequence d'acides amines presentant un 
pourcentage d'identitfe d'au moins 80 %, de inference 90 %, de fa$on plus prfeferfee 

20 98 %, apres alignement optimal avec la sequence SEQ ID N° 2 ou avec l*un de ses 
fragments selon P invention, on prfeffere les polypeptides variants codes par les 
sequences nuclfeiques variantes telles que precfedemment dfefinies, en particulier les 
polypeptides dont la sequence d'acides amines presente au moins une mutation 
correspondant notamment k une troncation, deletion, substitution et/ou addition d'au 

25 moins un residu d'acide amine* par rapport a la sequence SEQ ID N° 2 ou avec Vun 
de ses fragments, de maniere plus prfefferfee les polypeptides variants presentant une 
mutation life k une perte de caractere phiripotent des cellules les contenant 

La presente invention concerne fegalement les vecteurs de clonage et/ou 
depression comprenant un acide nuclfeique ou codant pour un polypeptide selon 

30 I'invention. Un tel vecteur peut fegalement contenir les felements necessaires a 
^expression et feventuellement k la secretion du polypeptide dans une cellule h6te. 
Une telle cellule hote est fegalement un objet de Tinvention. 



WO 01/85938 



PCT/FR01/01207 



11 

Les vecteurs caract£ris6s en ce qu'ils comportent une sequence de 
promoteur et/ou de rtgulateur selon ^invention, font 6galement partie de 
Pinventionu 

Lesdits vecteurs comportent de preference vm promoteur, des signaux 
5 d'initiation et de terminaison de la traduction, ainsi que des regions approprites de 
regulation de la transcription. lis doivent pouvoir eire maintenus de fa^on stable 
dans la celhile et peuvent eventuellement poss&ier des signaux particuliers 
specifiant la s&r&ion de la prot&ine traduite. 

Ces diflSrents signaux de contrdle sont choisis en fonction de ttidte 
10 celhilaire utilise. A cet effet, les sequences d'acide nucieique selon l'invention 
peuvent etre ins6rees dans des vecteurs k replication autonome au sein de 11i6te 
choisi, on des vecteurs integratifs de l'hote choisi. 

Parmi les syst&mes & replication autonome, on utilise de preference en 
fonction de la cellule hdte, des syst&mes de type plasmidique ou viral, les vecteurs 
15 viraux pouvant notamment fitre des adenovirus (Perricaudet et al., 1992), des 
retrovirus, des lentivirus, des poxvirus ou des virus herp&iques (Epstein et al., 
1992). L'honune du metier connait les technologies utilisables pour chacun de ces 
syst&nes. 

Lorsque Ton souhaite Pint6gration de la sequence dans les chromosomes de 
20 la cellule hote, on peut utiliser par exemple des syst£mes de type plasmidique ou 
viral ; de tels virus sont, par exemple, les retrovirus (Temin, 1986), ou les AAV 
(Carter, 1993). 

Parmi les vecteurs non viraux, on prefere les polynucleotides mis tels que 
I'ADN nu ou TARN nu selon la technique devdoppee par la societe VICAL, les 

25 chromosomes artificiels de bacterie (BAC, bacterial artificial chromosome), les 
chromosomes artificiels de levure (YAC, yeast artificial chromosome) pour 
Texpression dans la levure, les chromosomes artificiels de souris (MAC, mouse 
artificial chromosome) pour ^expression dans les cellules murines et de maniere 
pr6feree les chromosomes artificiels d'homme (HAC, human artificial 

30 chromosome) pour l'expression dans les cellules humaines. 

Dans les cellules d'oiseaux, on pourra utilise comme vecteur d'expression 
des retrovirus, des adenovirus aviaires, des poxvirus ou bien de PADN introdvrit par 
transfection ou eiectroporation. 
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De tels vecteurs sont pr£par£s selon les methodes couramment utilises par 
l'homme du metier, et les clones en resultant peuvent Stre introduits dans un hOte 
appropri6 par des methodes standard, telles que par exemple la lipofection, 
r^lectroporation, le choc thermiquei, la transformation aprds perm6abilisation 
5 chimique de la membrane, la fusion cellulaire. 

L'invention coraprend en outre les cellules hdtes, notamment les cellules 
eucaryotes et procaryotes, transfonn£es par les vecteurs selon l'invention ainsi que 
les animaux transg&iiques, de preference les oiseaux ou mammif&res, excepts 
1 'Homme, comprenant une desdites cellules transfbrm&s selon ^invention. En 

10 particulier, l'invention comprend les animaux comprenant le g£ne en?-ipr£sentant 
des marqueurs glnetiques ins^rfa dans celui-ci. 

Parmi les cellules utilisables aux seas de la pr&ente invention, on peat citer 
les cellules bacteriennes (Olios et Lee, 1993), mais aussi les cellules de levure 
(Buckholz, 1993), de meme que les cellules animales, en particulier les cultures de 

15 cellules de mammi&res (Edwards et Aruffo, 1993), et notamment les cellules 
d'ovaire de hamster chinois (CHO). On peut citer egalement les cellules d'insectes 
dans lesquelles on peut utiliser des precedes mettant par exemple en oeuvre des 
baculovirus (Luckow, 1993). Un bote celhilaire prefere pour 1 'expression des 
proteines de l'invention est constitu6 par les cellules COS. 

20 Parmi les cellules d'oiseaux utilisables, on peut citer les cellules LMH 

d'hfanatome de poulet, les cellules immortalisees de caille QT6, les fibroblastes 
primaires ou immortalises de poulet, de caille, de canard. 

L'invention conceme egalement une cellule h6te contenant un acide 
nucleique selon 1' invention, caract£ris£e en ce qu'il s'agit d'une cellule ES d'oiseau 

25 modifige en outre par introduction d'un g^ne exog&ie, ledit ggne exog£ne 6tant 
uniquement et sp&nfiquement exprime lorsque ladite cellule est maintenue k Vitat 
phiripotent De fa9on pr6f6r6e, ledit gfene exogene est un gdne rapporteur, choisi 
parmi lacZ, GFP, lucifiSrase, ROSA-p-geo, un gdne de resistance k un antibiotique 
en particulier les gdns de resistance k la n6omycine, l'hygromycine, la phieomycine, 

30 la puromycine). 

Ces cellules selon l'invention sont tr£s utiles pour le criblage de composes 
permettant d'induire la differentiation de cellules pluripotentes, ou de milieu pour la 
culture de cellules tout en maintenant lew caract&re pluripotent 
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Une autre cellule bdte d'interfit selon P invention consiste en une cellule 
d'oiseau contenant un acide nuclfique selon 1 'invention, modifi6e en outre par 
introduction d'un acide nucl&que exog£ne, ledit acide nucl&que exog&e etant 
int6gr6 dans ledit acide nucl&que selon ('invention. Selon un mode de realisation 
5 pr6f6r6e de I'invention, ledit acide nucieique exogene est un g£ne d'int&et 
th6rapeutique, eventuellement prec£d£ d*un promoteur spatio-temporelle et/ou de 
sequences terminatrices. Dans un autre mode de realisation, ledit acide uucl&que 
exogene est un marqueur g£n£tique, qui peut fitre choisi parmi lacZ, GFP, 
phosphatase alcaline, thymidine kinase, gdnes de resistance aux antibiotiques 

1 0 (parmi lesquels n^omycine, hygromycine, phl6omycine, puromycine). 

De &9on pr6f6rte, les cellules d'oiseau hdtes pr6c6demment dScrites 
caract£ris6es en ce que ledit oiseau appartient a 1'ordre des Galliformes, et est en 
particulier un poulet ou une caille. 

Dans ce cas, on int&gre ledit g£ne rapporteur sous le contrdle du promoteur 

15 du gdne ens-1 et/ou on int&gre ledit acide nucieique exog&ne (g&ne d'interet 
th6rapeutique et/ou marqueur gSn&ique) dans le g£ne ens-1 . 

On peut ainsi utiliser le promoteur identify dans la pr&ente demands 
correspondant aux nucleotides 3111-3670 de SEQ E)N° 1. On peut Sgalement 
modifier ce promoteur, en r£duisant le nombre de nucleotides, ou en en introduisant 

20 de nouveaux, voire en effectuant des mutations sur certains nucleotides. L'homme 
du metier connait les protocoles pour efifectuer de telles modifications, ainsi que 
pour tester le promoteur ainsi obtenu pour Texpression dans les cellules souches 
pluripotentes. On a ainsi montr£ en particulier que Ton peut inserer une guanine en 
position 3654 de SEQ ID N° 1, sans perdre Pactivite promotrice du fragment ainsi 

25 modifie. 

Ainsi, I'invention concerne aussi l'utilisation d'un acide nucieique 
correspondant aux nucleotides 31 1 1-3670 de SEQ ID N° 1 en tant que promoteur 
d*un gene d'interet pour une expression specifique dudit gene d'intSret dans des 
cellules pluripotentes aviaires. Un g£ne d'interSt est sort un g&ne marqueur 
30 (Iuciferase, GFP, (3-galactosidase...), soit peut etre un g£ne codant pour une 
proteine telle un facteur de croissance, une cytokine, une proteine impliquee dans la 
reconnaissance immunitaire, une proteine k intfret th&apeutique. . . D est interessant 
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de note que la «TATA box» a Sgalement &6 identifi6e > qui est un objet de 
Pinvention, aux nucleotides 3645-3651 de SEQ ID N° L 

Une cellule pr6f6r6e selon Pinvention est une cellule 9N2.5, d6pos6e k la 
Collection Nationale de Culture des Microorganismes le 11 Mai 2000 sous le 
5 num&o d'ordre 1-2477. 

Les cellules selon P invention sont de preference des cellules ES 
phiripotentes, mais il doit etre compris que Pinvention concerne aussi les cellules 
d'oiseau difRxenti^es, d&ivant d'une cellule ES selon Pinvention. on peut en 
particulier effectuer la differentiation de ces cellules en utilisant de Pacide 
1 0 r&inoique, selon les enseignements de la demande de brevet WO, 96/12793. 

L'invention concerne £gaJement les ammaux transg£niques qui conferment 
une cellule selon Pinvention. Panni les ammaux selon Pinvention, on prSfSre les 
oiseaux, en particulier les membres de Pordre des Galli formes. Ces oiseaux 
transg6niques seront particuli&rement int&essants pour Pdtude de modifications 
1 5 dans le g&ie ens-1 ou dans son promoteur. 

On peut Sgalement introduire un acide nuclfiique selon Pinvention dans des 
oiseaux et d'autres animaux tels que les rongeurs, en particulier les souris, les rats 
ou les lapins, afin d'exprimer un polypeptide selon Pinvention. 

Ces animaux transg&riques sont obtenus par exemple par recombinaison 
20 homologue sur cellules souches embryonnaires, transfert de ces cellules souches k 
des embryons, selection des chim&res affectdes au niveau des lignSes 
reproductrices, et croissance desdites chimeres. Us peuvent aussi £tre obtenus par 
microinjection d'ADN nu dans P ovocyte ftcond6. 

Les animaux transgeniques selon Pinvention peuvent ainsi surexprimer le 
25 gdne codant pour la prot&ne selon Pinvention, ou leur g&ie homologue, ou 
exprimer ledit gfine dans lequel est introduite une mutation ou biea exprimer un 
transg&ne comportant des portions du g&ie ens-1 associ6es k des sequences 
codantes destinies k produire une piot&ne. 

Alternativement, les oiseaux transg&riques selon Pinvention peuvent €tre 
30 rendus d6ficients pour le gfine codant pour le polypeptide de sequence SEQ ID N° 
2, ou un genes homologies, par inactivation k Paide du syst&ne LOXP/CRE 
recombinase (Rohlmann et al., 1996) ou de tout autre syst&ne d'inactivation de 
P expression de ce g£ne. 
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L'invention concerne aussi 1 'utilisation d'une sequence d'acide nucl&que 
selon Finvention pour la synthase de polypeptides recombinants. 

La m&hode de production d'un polypeptide de Finvention sous fonne 
recombinant^ elle-m&ne comprise dans la pr&ente invention, se caract&ise en ce 
5 que Ton cultive les cellules transferases, notamment les cellules ou mammiferes de 
la pi^sente invention, dans des conditions permettant Fexpression d'un polypeptide 
recombinant code par une sequence d'acide nucl&que selon Finvention, et que Ton 
r6cap&re ledit polypeptide recombinant 

Les polypeptides recombinants, caract£ri$6s en ce qu'ils sont susceptibles 
10 d'etre obtenus par ladite m&hode de production, font 6galement partie de 
Finvention. 

Les polypeptides recombinants obtenus comme indiqu6 ci-dessus, peuvent 
aussi bien se presenter sous forme gjycosylte que non glycosylte et peuvent 
presenter ou non la structure tertiaire naturelle. 

15 Les sequences des polypeptides recombinants peuvent Stre £galement 

modifi6es afin d'am^liorer leur sohabilite, en particulier dans les solvents aqueux. 

De telles modifications sont connues de Fhomme du metier comme par 
exemple la deletion de domaines hydrophobes ou la substitution d'acides amines 
hydrophobes par des acides amines hydrophiles. 

20 Ces polypeptides peuvent toe produits k partir des sequences d'acide 

nuclfique d^finies ci-dessus, selon les techniques de production de polypeptides 
recombinants connues de Fhomme du metier. Dans ce cas, la sequence d'acide 
nucl&que utilis£e est plac£e sous le controle de signaux permettant son expression 
dans un hote celhJaire. 

25 Un syst&me efficace de production d'un polypeptide recombinant necessite 

de disposer d'un vecteur et d'une cellule hote selon Finvention. 

Ces cellules peuvent €tre obtenues par Fintroduction dans des cellules hdtes 
d'une sequence nucltetidique ins&€e dans un vecteur tel que d£fini ci-dessus, puis 
la mise en culture desdites cellules dans des conditions permettant la replication 

30 et/ou F expression de la sequence nucteotidique transfectee. 

Les proc6dfa utilises pour la purification d'un polypeptide recombinant sont 
connus de Fhomme du m£tier. Le polypeptide recombinant peut etre purifie k partir 
de lysats et extraits cellulaires, du surnageant du milieu de culture, par des 
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m&hodes ut3is6es individuellement ou en combinaison, telles que le 
fractionnement, les m&hodes de chromatographic, les techniques d'immunoa£finit£ 
k 1'aide d'anticoips monodonaux ou polydonaux sp£dfiques, etc. . . 

Les polypeptides selon la pr&ente invention peuvent aussi Stre obtenus par 
5 synthase chimique en utilisant Tune des nombreuses synthases peptidiques connues, 
par exemple les techniques mettant en ceuvre des phases solides (voir notamment 
Stewart et al., 1984) on des techniques utilisant des phases solides partielles, par 
condensation de fragments ou par une synthase en solution classique. 

Les polypeptides obtenus par synthese chimique et pouvant comporter des 
1 0 acides amines non naturels correspondants sont Sgalement compris dans l'invention. 

Les anticorps mono- ou polydonaux ou leurs fragments, anticorps 
chim6riques ou immunoconjugufe, caractdrises en ce qu'ils sont enables de 
reconnaftre spfcifiquement un polypeptide selon l'invention, font partie de 
l'invention. 

15 Des anticorps polydonaux sp6cifiques peuvent §tre obtenus & paitir d'un 

s&um d'un animal immunise contre les polypeptides selon l'invention, notamment 
produit par recombinaison g£n£tique ou par synthase peptidique, selon les modes 
op£ratoires usuels. 

On note notamment l'int6r€t d'anticorps reconnaissant de fa?on sp&rifique 
20 certains polypeptides, variants, ou lenrs fragments immunog&ies, sdon l'invention. 

Les anticorps mono- ou polydonaux ou leurs fragments, anticorps 
chimfriques ou immunoconjugu&, caract£ris6s en ce qu'ils sont capables de 
reconnaitre sp6cifiquement le polypeptide de sequence SEQ ID N°2 sont 
particuli&ement pr6fer6s. 
25 Les anticorps monoclonaux sp6tifiques peuvent etre obtenus selon la 

m&hode dassique de culture d'hybridomes d^crite par Kohler et Milstein (1 975). 

Les anticorps sdon l'invention sont, par exemple, des anticorps 
chim&iques, des anticorps humanisms, des fragments Fab ou F(ab')2. lis peuvent 
6galement se presenter sous forme d'immunoconjugu6s ou d' anticorps marques afin 
30 d'obtenir un signal detectable et/ou quantifiable. 

L'invention conceme Sgalement des m&hodes pour la detection et/ou la 
purification d'un polypeptide sdon l'invention, caracteris6es en ce qu'elles mettent 
en oeuvre un anticorps sdon l'invention. 
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I/invention comprend en outre des polypeptides purifies, caract£ris& en ce 
qu'ils sont obtenus par une m&hode selon I'invoitiorL 

Par ailleurs, outre leur utilisation pour la purification des polypeptides, les 
anticorps de r invention, en particulier les anticorps monoclonaux, peuvent 
5 6galemeat etre utilises pour la ddtection de ces polypeptides dans un 6chantillon 
biologique. 

Us constituent ainsi un moyen d'analyse immunocytochimique ou immuno- 
histochimique de Fexpression des polypeptides selon Finvention, notamment le 
polypeptide de sequence SEQ ID N° 2 ou Tun de ses variants, sur des coupes de 
1 0 tissus sp&afiques, par example par immunofluorescence, marquage k Tor, immuno- 
conjugu6s enzymatiques. 

lis peuvent permettre notamment de mettre en Evidence 1 'expression de ces 
polypeptides dans les tissus ou prflfevements biologiques. 

Plus general ement, les anticorps de P invention peuvent §tre 
15 avantageusement mis en oeuvre dans toute situation oik Fexpression d'un 
polypeptide selon Finvention, normal ou mut£, doit 6tre observ6e. 

Ainsi, un proc£d6 de detection d'un polypeptide selon Finvention dans un 
6cbantillon biologique, comprenant les Stapes de mise en contact de FSchantillon 
biologique avec un anticorps selon Finvention et de mise en Evidence du complexe 
20 antig&ne-anticorps fonn6 est 6galement un objet de Finvention, ainsi qu'une trousse 
pennettant de mettre en oeuvre un tel proc&te. Une telle trousse contient en 
particulier: 

a) un anticorps monoclonal ou polyclonal selon Finvention ; 

b) 6ventuellement des reactifs pour la constitution d'un milieu 
25 propice k la reaction immunologique ; 

c) les reactifs pennettant la detection du complexe antig&ne- 
anticorps produit Iors de la reaction immunologique. 

Ces anticorps peuvent €tre obtenus directement a partir de s&um humain, ou 
k partir d'animaux immunises avec des polypeptides selon Finvention, puis 
30 « humanises ». 

Les anticorps selon Finvention sont tr£s utiles pour d&enniner la presence 
du polypeptide SEQ ID N° 2, et permettent ainsi de d&ermmer le caract&re 
pluripotent d'une cellule ES d'oiseau. 



4 
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Un proc6d6 de d&ennination du caract&re phuipotent d'xme cellule ES 
d'oiseau, caract£ris6 en ce qu'on detennine la presence d'un prodirit d'expression 
du gene coirespondant k SEQ ID N°l ou de PARNm de SEQ ID N° 1 est egalement 
un objet 1 'invention. 

5 En effet, l'invention divnlgue la sequence du gene ens-1, qui est 

sp&nfiquement exprime dans les cellules ES d'oiseau, en particulier des 
Gallifbrmes, lorsque celles-ci sent pluripotentes. Les methodes de detection de 
I* expression d'un gene appliquees k ce gene permettent done de connaitre 
rapidement la nature des cellules etudiees. 

10 En particulier, comme 6crit ci-dessus, on peut detecter le produit 

d'expression du gene, en utilisant par exemple des anticorps selon l'invention, par 
Western Blot ou d'autres methodes ddcrites pr6c£demment 

On peut aussi effectuer la detection de PARNm de SEQ ID N° 1 par 
Northern Blot ou par RT-PCR en utilisant une sonde ou des amorces selon 

15 l'invention. 

La detection de P expression de ce gene peut Egalement etre effectufe en 
utilisant une puce a ADN ou une puce & prot&ne, qui contiennent respectivement un 
acide nucl&que ou un polypeptide selon Pinvention. De telles puces sont egalement 
objets de Pinvention. 

20 Une puce h proteines selon l'invention pennet aussi P£tude des interactions 

entre les polypeptides selon Pinvention et d'autres protfines ou des composes 
chimiques, et peut ainsi etre utile pour le criblage de composes interagissant avec 
les polypeptides selon l'invention. 

Les Demanderesses ont montr6 que le gSne ens-1 est trouv6 

25 uniquement dans les oiseaux de la famille des Gallifbrmes. Ainsi, Pinvention 
concerne Egalement un proc6d6 de classification de Pappartenance d'un oiseau a 
Pordre des Galliformes, caract£ris6 en ce que Pon d&ecte, dans le genome dudit 
oiseau, la presence d'un acide nucl&que selon Pinvention, en particulier la presence 
deSEQ IDN° 1. 

30 Cette propriete que le gene ew-1 soit trouv6 uniquement chez les 

Gallifbrmes pennet de d6finir un proc£d£ de determination de la pr&ence d'un 
6chantillon provenant d'un oiseau de Pordre des Gallifbrmes dans un 6chantiUon 
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alimentaire, caract&is£ en ce que Von detecte, dans ledit 6chantillon, la presence 
d'un acide nud&que selon 1'invention, en particulier la presence de SEQ ID N° 1 . 

On petit d&ecter la presence d'un acide nuclfique selon 1'invention dans un 
&hantillon biologique ou alimentaire, ou dans le genome d'un oiseau, par 
5 diffirentes maniferes. En particulier, on peut d6finir un proc£d£ de d&ection et/ou de 
dosage d'un acide nucl&que selon 1'invention dans un 6chantillon biologique, 
alimentaire caracteris6 en ce qu'il comprend les £tapes suivantes : 

a) mise en contact dudit 6diantQloon avec un polynucleotide selon 
Tune des revendications 1 4 3, marqu£ ; 

10 b) detection et/ou dosage de lTiybride forme entre ledit 

polynucleotide et 1* acide nud&que dudit 6chantillon. 
On pent 6galement proc£der k la detection et/ou au dosage d'un acide 
nucl&que selon rinvention dans un fichantillon biologique ou alimentaire, en 
effectuant une 6tape d'amplification des acides nucl&ques dudit 6chantiUon k 1* aide 
1 5 d'amorces choisies parmi les acides nucl&ques selon rinvention. 

Ainsi qu'il est d6montr6 dans les exemples, Tacide nucl&que selon 
Tinvention ne sont exprim£s dans les cellules ES d'oiseau que lorsque celles-ci 
possedent un caract&re phmpotent Par ailleurs, les cellules ES modifies selon 
Tinvention, avec un gftne rapporteur exprimd sp^cifiquement lorsqu'elles sont 
20 phiripotente, et en particulier les cellules 9N2.5, peuvent §tre utilises pour cribler 
des composes d'intdret 

En particulier, elles peuvent gtre utilis6es dans un proc&te de criblage d'une 
substance ou d'un milieu capables d'induire une differentiation de cellules 
pluripotentes, caracterise en ce que qu'il comprend les &apes suivantes : 
25 a) maintien de cellules ES selon l'invention dans un milieu de 

culture permettant le maintien du phdnotype pluripotent ; 

b) ajout de ladite substance dans ledit milieu de culture ou 
remplacement dudit milieu de culture par le milieu k tester ; 

c) determination de 1'induction de la differentiation par l'absence 
30 d'expression de la prot&ne SEQ ID N° 2 ou du g£ne exog£ne. 

Ce proc&ie est de preference mis en ceuvre avec des cellules ES modifi£es 
par insertion d'un g&ne rapporteur sous le contrftle du promoteur du g&ne ens- J, et 
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Ton d&ecte Tabseace d'expression dudit gfioe rapporteur. On utilise de prSfSrence 
les cellules 9N2.5, et Ton d&ecte P absence d'expression de la P-galactosidase. 

On peut £galement utiliser les cellules selon l'invention pour cribler des 
substances capable de restaurer le caract&re phiripotent de cellules diffSrenttees, par 
5 un proc£d6 comprenant les &apes suivantes : 

a) maintien de celhiles difi£renti£es dans un milieu de culture 
ad£quat ; 

b) ^emplacement dudit milieu de culture par un milieu permettant 
de maintenir un ph£notype phiripotent, et contenant ladite 

1 0 substance & tester ; 

c) determination de la restauration du caractere phiripotent desdites 
cellules par ^expression de la prot&ne SEQ ID N° 2 ou du gSne 
exog&ne, dans lesdites cellules. 

Ce proc&te est de nouveau avantageusement mise en ceuvre avec des 
1 5 cellules diffSrentifes selon l'invention, modifies par insertion d 'un gSne rapporteur 
dans le gfine ens-1 ou sous controle de son promoteur. On utilise avantageusement 
des cellules 9N2.5 difF6renti6es, qui permettent la detection de 1' expression de la P- 
galactosidase. 

Les proc6d6s ddcrits ci-dessus sont £galement objets de Finvention, ainsi 
20 que les milieux ou substances obtenus par lesdits procedfe. 

Une telle substance selon l'invention peut etre un compost ayanl une 
structure chimique (du type petite mol&mle organique), un lipide, un sucre, une 
prot&ne, un peptide, un compost hybride protein&-lipide, prot&ne-sucre, peptide- 
lipide, ou peptide-sucre, une protfine ou un peptide sur lequel on a ajout£ des 
25 ramifications chimiques. 

Parmi les composes chimiques envisages, ils peuvent contenir un ou 
plusieurs cycles, aromatique(s) ou non, ainsi que plusieurs r6sidus de toute sorte 
(notamment alkyle inf£rieur, c'est-i-dire pr&entant entre 1 &6 atomes de carbones). 

II est extremement important de determiner les g&ies impliqu6s dans le 
30 caract&re de phnipotence des cellules ES, ou de b6n£ficier d'un marqueur dudit 
caract&re. En effet, du fait de la capacity pour ces cellules de parti ciper h la 
morphogen£se de tons les tissus, une modification gdndique de celles-ci pennet 
d'assurer que le caractere recherch6 se retrouvera dans tous les tissus de r animal 
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form6. Par ailleurs, Pintroduction de genes exogenes au locus du g&ie ens-l y sous le 
contrdle de promoteurs k sp6cificit£ spatio-temporelle variables peut permettre 
Pobtention d'animaux transg&iiques exprimant lesdits g£nes dans des tissus ou k 
des stades de d&veloppement donn&. En effet, la specificity du gdne ens-1 £tant 
5 qu'il ne s'exprime que si la cellule h6te possdde le caractfere phiripotent, 
Pintroduction d'un acide nucl&que exog&ne dans ce locus ne devrait pas geaer le 
dfeveloppement de rembiyon. 

On peut done introduiie des g£nes d'interdt th&rapeutique, par exemple 
codant pour des prot&nes tb&apeutiques (hormones, facteurs de croissance, 

10 lymphokines), afin de pouvoir produire ces proteines lors du d6vdoppement de 
Pembryon. II peut en effet dtre tr&s int£ressant de produire des prot&nes 
tberapeutiques dans les ceufs, dont la coquille assure un environnement st&ile. 

On peut 6galement utilises des cellules pluripotentes selon Pinvention afin 
de les feire coloniser le tissu germinal d'animaux, en particulier d'oiseaux, de fa$on 

15 plus pr6fSr6e de Foidre des Galliformes, afin que des caractftres g6n6tiques 
particuliers puissent etre transmis k leur descendance. Ceci permet P amelioration de 
races industrielles de poulets, dindes, cailles ou autres d'une &?on particulierement 
int&essante 6conomiquement. 
On peut aussi utiliser les composes cboisis panni 

20 a) un acide nucl&que selon Pinvention ; 

b) un polypeptide selon Pinvention ; 

c) un vecteur selon Pinvention ; 

d) une cellule selon Pinvention ; 

e) un anticorps selon Pinvention ; 
25 f) une substance selon Pinvention, 

k titre de medicament, afin de pennettre, selon le cas, la restauration du 
caract&re pluripotent de cellules d'oiseaux, ou au contraire d'indirire la 
differentiation de cellules ES. 

La pr&ente invention ouvre done la voie a une meilleure caract&isation du 
30 caract&re phmpotent des cellules ES, en fburnissant la sequence d'un marqueur de 
ces cellules. D reste toutefois k ddtenniner si ce g&ne est un facteur essentiel de ce 
caractere. Ainsi, Pintroduction du gene ens-1 dans des cellules diff£renti6es, par 
exemple sur un plasmide sous le contrdle d'un promoteur adapts, et P6tude de la 
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restauration 6ventuelle du caractfere pluripotent de ces cellules permettra de 
r^pondre k cette question. Parmi les prcmoteurs adapt&, on choisira un promoteur 
inductible, par exemple k un sucre, et Ton determinera le caract&re pluripotent des 
cellules lorsque Ton cesse d'induire Pexpression du gene sur le plasmide. On peut 
5 egalement constniire un plasmide qui mdne a une excision du g£ne ens-1 aprfes un 
certain temps (par exemple en le pla9ant entre deux sequences loxP, et en 
introdirisant un second plasmide codant pour la recombinase Cre). Pour determiner 
le caract&re pluripotent des cellules, il peut etre avantageux d'utiliser les cellules 
9N2.5 selon Pinvention, et de iechercher Pexpression de la p-galactosidase apr6s 

1 0 introduction du plasmide codant pour ens-1 . 

S'il est possible de determiner que le g&ne ens-1 est inducteur du caractere 
pluripotent des cellules, on peut mettre en oeuvre un proc&te de restauration dudit 
caractere (6galement objet de Pinvention), caracteris6 en ce que Ton exprime le 
gene ens-1 dans des cellules diflterenti&ss. On peut utiliser les methodes decrites ci- 

1 5 dessus, en y apportant certaines ameliorations connues de lTiomme du metier. 

Les examples ci-dessous pennettent d'illustrer Pinvention, et ne doivent pas 
gtre consider comme limitant r invention. 
DESCRIPTION DES FIGURES 

Figure 1 : structure du vecteur ROSA-P-geo utilis6 pour transformer les cellules ES. 
20 Figure 2 : analyse de P expression du transcrit ROSA-P-geo par RT-PCR dans les 
cellules 9N2.5 lors de l'induction de la differentiation par Facide rftinoique (+RA), 
le DMSO (+DMSO) ou les deux simultan6ment (+RA+DMSO). Le milieu controle 
ne contient aucun facteur inducteur. 

Figure 3 : analyse de Pexpression du transcrit ROSA-P-geo par Northern Blot lors 
25 de l'induction de la differentiation par Pacide retinoique. Le Blot est hybride avec 
une sonde LacZL 

Figure 4 : analyse de P expression du transg6ne ROSA-P-geo par revelation de 
Pactivite p-galactosidase dans des embryons chim£res pour les cellules 9N2.5. 
Figure 5 : analyse par PCR de la presence du transgSne ROSA-P-geo dans les 
30 embryons chim&es. De PADN a ete extrait, soit de cellules 9N2.5, soit d'embryon 
chimere age de 48 heures ou de 4 jours, resultant de la transplantation de cellules 
9N2.5, soit d'embryon controle de 48 heures ou 4 jours. 
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Figure 6 : detection par Southern Blot de la presence du transg&ne ROSA-fJ-geo 
dans TADN gSnomique des cellules 9N2.5 aprds digestion par EcoBl (E) ou Dral 
(D). 

Figure 7 : detection par Northern Blot de la presence d'un transcrit comportant le 
5 transgdne ROSA-P-geo, par hybridation avec une sonde Lac Z. 

Figure 8 : A. analyse par Northern Blot de Pexpression du g&ie ens-Jdans des 
cellules ES normales de poulet et dans les cellules 9N2.5, apr£s hybridation par les 
sondes CI, SI et S2. B. structure de l'ADN compl&nentaire du gdne ens-L (RS = 
sequences r6p&6es, ORF = cadre de lecture). Les fl&ches repr&entent les sondes 

10 CI, SI et S2 utilis6es pour l'hybridation. 

Figure 9 : analyse par Northern Blot de Texpression des transcrits ens-1 dans les 
cellules souches embryonnaixes normales de poulet, dans les cellules 9N2.5, dans 
l'embryon de poulet k diffferents stades de d£veloppement et dans diflKxents organes 
de poussin. Les ARN polyA+ isol£s k partir des ARN totaux ont 6t6 hybrids sur les 

15 blots avec les sondes CI ou SI, ou avec une sonde contrdle GAPDH. 

Figure 10 : analyse de 1'expression du transcrit ens-1 dans l'embryon de poulet par 
hybridation in situ. 

Figure 11 : Amplification par PCR r£alis6 sur PADN g6nomique de diffdrentes 
esptees aviaires avec les amorces ensl SI (SEQ ID N° 14) et ensl AS1 (SEQ ID 
20 N° 15). 

Figure 12 : schema de 1'organisation des LTR de retrovirus, de Poragnisation 
attendue pour le g&ne ens-1, einsi que des deux constructions utilises pour 
l'identification du promoteur. 

Figure 13 : Activity des promoteurs dans difE&rentes lignSes cellulaires (S : 
25 promoteur sens, AS : promoteur antisens) 

Figure 14 : activity du promoteur 2 (figure 12) au cours de la differentiation des 
cellules ES. 

EXEMPLES 

30 Exemple 1 : Construction d'une cellule ES de poulet renfennant un marqueur 
g&i&ique de la pluripotence . 

Afin d'identifier un g&ne sp6cifiquement exprim6 dans les cellules ES 
. pluripotentes la strategic dite de « pi£geage de gfcne » (gene trap) a dt6 suivie. Cette 
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strategic consiste k introduire, dans le g&iome des cellules £S, un g&e marqueur 
qui comporte une sequence codante exog&te mais qui est d6pourvu de piomoteur 
propre. L'insertion al6atoire de ce marqueur dans le g&iome de la cellule conduira 
dans certains cas a placer ce g&ie exog^ne en aval d'un promoteur propre du 
5 genome ceUulaire. Le gene exogene adopte, dans cette configuration, une regulation 
d'expressdon trfis similaire sinon identique k celle do g&ie dans lequel il est ins&6. 
Le suivi de F expression du g£ne marqueur dans les cellules ainsi modifies 
renseigne alors sur le patron d'expression du g&ie cellulaire ainsi « marqu£ ». 

Comme syst&me de piSgeage de gSne les inventeurs ont utilis6 cehri qui 

10 exploite les propri&6s du vecteur ROSA-p-geo d6crit par Friedricfa et Soriano 
(1991). Ce systeme est constitug d'un plasmide qui porte les deux g&nes 
respectivement LacZ et Neo R fusionn6s Tun a P autre dans Pordre 5'-3\ Ce g&ne 
fusion code pour une proteine unique LacZ-Neo qui confere aux cellules qui la 
produisent k la fois la r&istance au G418 et P activity p-galactosidase. La structure 

15 du plasmide est pr6sent£e sur la figure 1. Ce plasmide a 6t6 ooup£ par Penzyme 
Dral qui induit sa linearisation. Le plasmide Iin6aris6 a &6 introduit dans des 
cellules ES de poulet par la technique d'61ectroporation. Pour cela une culture de 
cellules ES de poulet entretenue dans les conditions d&rites dans Pain et col. (1996) 
a 6t6 utiliste. Les cellules ES furent recueillies h partir de boites de culture par 

20 traitement m&iage a la pronase. Les cellules en suspension ont 6t6 lav£es et mises 
en suspension dans du milieu de Glasgow k la concentration de 5 x 10 6 dans 0,8 ml. 
Dix microgrammes de plasmide linearise ont &6 ajout6s k la suspension cellulaire 
qui a £6 maintenue pendant 10 minutes k 4°C. Ensuite la suspension a 6t6 soumise 
k un traitement d'61ectroporation consistant en 2 stimulations 61ectriques dans les 

25 conditions suivantes: 280 V, 500 mF dans une cuve de 1 mm d'lpaisseur dans un 
appareil BioRad electroporator. Les cellules ont ensuite et6 maintenues pendant 10 
minutes k 4°C avant d'etre ensemenc£es en culture selon le proc£d6 decrit dans Pain 
et col. (1996), incoiporS par rSf&ence. Trente six hemes plus tard les cultures ont 
6t6 additionndes de G418 k la concentration de 250 pg/ml. Le milieu de culture 

30 contenant le G418 a ensuite &6 chang6 tous les jours pendant 4 jours, puis tons les 
deux jours. Des clones de cellules ES rfesistantes au G418 sont devenus apparents 
aprfa le sixi&ne jour. lis furent pr61ev& individuellement entre 8 et 10 jours aprfcs 
le dSbut de la culture. Ces clones furent ensemenc& individuellement dans du 
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milieu de culture frais contenant du G418 afin d'etre amplifies. lis furent ensuite 
conserves dans de l'azote liquide. 

Dans les cellules electroporees, 1' expression du marqueur ROSA-0-geo a &6 
analysee par Identification in situ de Factivite fj-galactosidase selon le proce<16 
5 suivant Les cellules en suspension furent fixees k 4°C pendant une duree de 30 
minutes dans un melange k base de PBS contenant 1 % de formaldehyde, 0,2 % de 
glutaralddhyde et 0,02 % de Nonidet P-40. Les cellules furent ensuite incubees k 
37°C pendant une duree qui pouvait aller de 1 k 24 heures dans du PBS contenant 
lmg/ml de 5-bromo-4-chloro-3-indolyl P-D-galactopuranoside, 5 mM de 

1 0 KrjFe (CN)6, 5 mM de ICjFe (CN)s» 2 mM de MgCl 2 et 0,02 % de Nonidet P-40. Les 
cellules exprimant le marqueur p-galactosidase etaient colorees en bleu. 

L'objectif etait d'identifier des cellules ES dans lesquelles le vecteur ROSA- 
0-geo serait insert en aval d'un promoteur qui ne fonctionnerait que dans les 
cellules ES lorsque celles-ci sont phiripotentes. Apres caracterisation de plusieurs 

1 5 clones, un clone a 6& retenu, appe!6 9N2.S, qui ne presentait la reaction positive du 
test p-galactosidase que lorsque les cellules etaient maintenues dans les conditions 
de culture assurant la persistance du caractere phiripotent des cellules telles que 
decrites dans Pain et col. (1996). La positivite du test flit perdue lorsque les cellules 
9N2.5 furent induites dans la differentiation (voir plus loin). 

20 Le clone 9N2.5 a && amplifie en culture in vitro puis stocks sons forme 

viable par congelation dans Tazote liquide. 

Exemple 2 : Caracterisation des cellules 9N2.5. 

Les cellules 9N2.5 ont et£ maintenues dans les conditions de culture decrites 

25 par Pain et col. (1996), pour les cellules ES de poulet Dans ces conditions il a et£ 
verifie que les cellules 9N2.5 presentaient la morphologie, r activity telomerase et 
les epitopes antigeniques caracteristiques des cellules ES de poulet tels que decrits 
par Pain et col.. Ces cellules sont egalement capables de former des corps 
embryoides, comme les cellules parentales. L'electroporation, la selection dans le 

30 G418 et r amplification nlterieure de ces cellules n'avaient done pas alter6 leurs 
caracteres de cellules ES. 
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Pour analyser r expression du marqueur ROSA-0-geo dans les cellules 
dififerenciSes, les cellules 9N2.5 furent induites dans la differentiation selon les 
proc£d& d&rits dans Pain et aL Ces cellules furent cultiv£es en absence de cellules 
nouirici&res, en absence de LIF et de cytokines et en presence soit d'acide 
5 rftinoique k la concentration de 5 x KT 6 M, soit de DMSO k la concentration de 
1 %. Dans certaines cultures, l'acide r&inoique et le DMSO furent ajout£s 
samuhan&nenL Dans les milieux induisant la difftrentiation des cellules ES on a pu 
observer 1' apparition de cellules difftrentifes identiques k celles qui furent d6crites 
initialement par Pain et col. (1996) dans les memes conditions. 

10 Aprils 4 jours de culture dans les milieux de differentiation, les cellules 

devinrent compl&ement negatives pour le test de l'activit6 p-galactosidase. Afin de 
confirmer 1'absence depression du transg&ne ROSA-p-geo, son expression fat 
suivie soit par la recherche des ARNm LacZ par la technique de RT-PCR. Pour 
cela, les amorces SEQ ID N° 3 et SEQ ID N° 4 furent utilises : 

15 Comme il est montrS sur la figure 2, la quantity d'ARN produite par le 

transgdne ROSA-fi-geo ne change pas durant 5 jours de culture des cellules dans le 
milieu de culture qui maintient la pluripotence (milieu ES). Par contre dans les 
milieux de culture de differentiation contenant soit 1'atide r&inoique seul, soit le 
DMSO, soit Pacide r&inolque et le DMSO, la quantity d'ARNm ROSA-p-geo 

20 diminua tres fortement aprts 4 jours de culture. Pour confirmation, les ARNm 
ROSA-0-geo furent aussi analyses par la technique de Northern blot en utilisant une 
sonde marquee sp&afique de la sequence LacZ. Comme cela est montr6 dans la 
figure 3, en presence d'atide r&inoique, les ARNm LacZ devinrent quasiment 
ind&ectables apr&s deux jours de culture alors que leur expression fetait maintenue 

25 dans le milieu de culture ddpourvu d'acide r&inoique. 
Conclusion 

Les cellules 9N2.5 exprimoit s£lectivement le transgene ROSA-p-geo 
lorsqu'elles sont maintenues k l*6tat pluripotent L'expression du transgdne cesse 
tr&s rapidement aprds Tinduction de la differentiation de ces cellules en culture. 



30 
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Exemple 3 : Test de l'expression du transgfene ROSA-p-geo dans les cellules 9N2.S 
in vivo. 

Afin d'analyser les potentiality de d6veloppement des cellules 9N2.5 et 
1' expression du transgfene ROSA-p-geo dans un embiyon in vivo, les cellules 9N2.5 
5 ont 6t6 grefffces dans des embryons de poulet au stade X selon P&helle de Eyal- 
Giladi et Kochav (1976) (6chelle E-G&K) selon le protocole dficrit par Pain et col. 
(1996). La presence des descendants des cellules injectfes a 6\6 recherchfe dans les 
embryons k diflKrents stades de dSveloppement apr6s la greffe, par le test de la P- 
galactosidase. Comme cela est ilhistrt sur la figure 4, des amas de cellules positives 

10 pour la p-galactosidase furent d6tect6s dans l'6piblaste des embryons ayant atteint 
le stade Xm dans les embryons inject£s. Ces cellules positives ne furent identifies 
que dans l'6piblaste de Pake pellucide. Plus tard au cours du ddveloppenient, au 
stade de la gastrulation, stade 5 selon l'&helle de Hamburger et Hamilton (H&H), 
des cellules positives ne furent retrouv£es que dans la ligne primitive et le croissant 

15 germinal extra-embryonnaire. Dans la ligne primitive, les cellules fiirent identifies 
dans quelques amas pour la plupait localises dans le noeud de Hansen, Au stade 13 
(6chelle H&H), des cellules positives ne furent trouv6es que dans le sinus 
thomboidal qui correspond k la plaque neurale encore ouverte dans la partie caudale 
de l'embryon. Plus taxd au cours du d£vel opponent embryonnaire, des cellules 

20 positives n'ont 6X6 retrouvtes que sous forme de trds rares cellules isol6es dans 
certains tissus d'origine nerveuse, ainsi que dans les 6bauches gonadiques* 

Afin de v&ifier si, malgre la negativity de la reaction P-galactosidase, des 
descendants des cellules 9N2.S avaient bien colonist en nombre les tissus 
d'embryons Sg&, la presence du transg&ne ROSA-p-geo a 6&6 recherch6e par PCR 

25 dans de l'ADN ex trait k partir d'embryon complet ag6 de 2 ou 4 jours de 
developpement Comme cela est montr6 sur la figure 5, une bande caract&istique 
du transgfene ROSA-p-geo a pu §tre d&ect6e 3 d6montrant que les cellules 
descendantes des cellules 9N2.5 grefitees &aient pr£sentes au moins 4 jours apr£s la 
greffe. 

30 Quelques embryons injectfe avec des cellules 9N2.5 ont achev£ leur 

developpement et ont donn6 naissance a des poussins. La recherche des sequences 
du transgfcne ROSA-P-geo a 6t6 entreprise sur l'ADN isolfi de divers tissus par la 
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technique de PCR. Ainsi chez deux poussins qui ont 6t6 analyses on a r6v£16 la 
presence du transg£ne dans la peau, le g&ier, le foie. Tous ces tissus ne pr&entaient 
pas d'activitfe p-galactosidase ce qui ddmontre que les transgenes &aient presents 
dans des cellules diff£renci6es issues des cellules 9N2.5 greff&es, 
5 Conclusion 

Les cellules 9N2.5 sont done capables de coloniser un embryon hote et de 
s'y d6velopper. Cependant ^expression du transg£ne ROSA-p-geo reste limit6e aux 
cellules tres tot apres la transplantation dans l'embryon ainsi qu'i de rares cellules 
pr&entent dans quelques tissus comme les gonades ou le systeme nerveux. Compte 
10 tenu des observations effectufes sur les cellules 9N2.5 en culture, on peut 
raisonnablement imaginer que r expression du transg&ne ROSA-P-geo dans les 
cellules in vivo se limite aux cellules qui ne se sont pas encore engages dans la 
diflerenciatioiL 

L 'ensemble de ces dorm6es obtenues in vitro et in vivo a partir des cellules 
1 5 9N2.S conduit a supposes que le transg&ne ROSA-p-geo est ins6r6 dans un locus du 
genome de ces cellules dont r activity transcriptionnelle est sp£cifique des cellules 
ES&l'&atpluripotent 

Exemple 4 : Proliferation des cellules 9N2-5 in vivo. 

20 Afin d'analyser si les cellules 9N2.S &aient capables de prolif£rer dans 

certains compartments de r embryon, deux embryons injectfe ont 6t6 pr£lev6s apr£s 
7 jours d'incubation. Les embryons ont et6 aibitrairement coupes en 3 parties : la 
tete, le tronc en incluant les 6bauches des membres sup&ieurs, la queue en incluant 
les 6bauches des membres inf&rieurs. Ces parties ont 6t6 dissoci£es dans la pronase 

25 et la suspension cellulaire ensemenc£e en culture selon le proc£d6 de culture d6crit 
par Pain et coL ( 1996)* Une selection au G418 k 250 fig/ml fat r£alis6e pendant 6 
jours. II apparut quelques foyers de cellules r&istantes dans toutes les cultures, mais 
la frequence de ces foyers 6taient beaucoup plus &ev6e dans les cultures 
ensemencfes & partir de la partie post£rieure des embryons. Les cellules rfeistantes 

30 au G418, issues de cette culture furent repiqufes pour gtre amplifies, 7 jours apr£s 
Pensemencement initial. Une partie de ces cultures parall£les fut testae 
positivement pour Pexpression de Pactivit6 P-galactosidase. Cette approche a 
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permis, pour un des 2 eaxbryons testes, de maintenir, d' amplifier et m£me de 
congeler, sous forme viable, des cellules positives pour la P-galactosidase, 
r&istantes au 0418 et qui prfcentaient une morphologie identique k celle des 
cellules 9N2.S injectfees. Les cellules issues du deuxi&ne embryon, bien que 
5 positives pour Pactivite P-galactosidase, n'ont prolifgre que lentement et n'ont pas 
pu fetre suffisamment amplifi&es. 
Conclusion 

Ces r£sultats montrent done que certaines cellules 9N2.5 sont capables de se 
maintenir sous forme de cellules ES dans certaines regions de l'embryon. Ces 

10 cellules correspondent vraisemblablement aux rares cellules positives pour la P- 
galactosidase idenrifiSes sur les coupes d'embryons injectes avec les cellules 9N2.5 
(voir ci-dessus). Au regard de leur localisation dans la partie post&ieure de 
Pemtaryon, on peut sugg<£rer que certaines des cellules qui conservent les caract&es 
des cellules 9N2.5 in vivo correspondent a des cellules EG telles que d&arites chez 

15 la souris et chez Phomme (Matsui et al. 1992, Shamblott et al. 1998). Les cellules 
EG sent des cellules prgcurseurs des cellules germinates qui poss£dent des 
propri&6s de pluripotence et des caract&res cytologiques trfis voisins de ceux des 
cellules ES. 

20 Exemple 5 : Utilisation des cellules 9N2.5 pour un criblage de substances 

Les cellules 9N2.5 prSsentent une expression de la p-galactosidase forte 
quand elles sont dans un etat indiff£renci6. Cette expression est perdue lors d'une 
induction de differentiation. Cette propri&6 peut £tre mise a profit pour tester 
difKrentes molfeules inductrices ou promotrices de la differentiation ou pour tester 

25 des molecules non inductrices. Les cellules 9N2.5 peuvent ainsi fitre utilises 
comme support de test pour identifier des lots de s&rum appropri& k la culture de 
cellules ES ou bien k leur difiterenciatiorL Pour cela, les cellules sont ensemenc£es 
dans un milieu identique k celui employ^ pour maintenir les cellules parentales. 
Dans ce milieu, le s&um de reference est remplac6 par les diff&eqts sera k tester, k 

30 difl&entes concentrations 6ventuellement Les ensemencements sont r6alises a tr£s 
faible densit6 (2 x 10 4 cellules par boite de 35 mm) et les cellules cultivfes pendant 
4 jours. Les cellules sont alors fix6es, colorfies pour r6v£ler Pactivitfi P~ 
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galactosidase et le nombre de foyers positifs estim£. Le nombre de foyers positifs 
est en relation directe avec la capacity du sftrum k maintenir Pautorenouvellement 
des cellules ES. Cet exemple peut Stre 6tendu au test de substances diverses, 
naturelles ou de synthase. 
5 Conclusion 

Les cellules 9N2.5 peuvent &re utilises pour cribler des substances sur leur 
aptitude & induire rautorenouvellement ou bien la diff&enciation de cellules ES en 
culture. 

10 Exemple 6 : Identification du locus d'integration du trans g^ne ROSA-B-geo dans 
les cellules ES 9N2.5 

Dans une premiere approche vers P identification du locus d'int6gration du 
transg&ie ROSA-(i-geo dans les cellules 9N2.5 une analyse de PADN genomique 
des cellules 9N2.5 par la technique de Southern Blot a tt& effectufe. L*ADN de 

15 cellules 9N2.5 fut dig6r6 par Penzyme de restriction EcoRl ou par Penzyme Dral 
qui ne coupent chacune le tiansg&ne ROSA-0-geo qu'en un site unique. Apr£s 
migration 61ecfcrophor6tique de TADN dig6r6, les filtres furent hybrids avec une 
sonde sp&ifique du fragment LacZ. Comme cela est montrg sur la figure 6, une 
seule bande a et6 identifige dans ces conditions dans chacune des digestions 

20 pratiqu6es. Aucune bande ne fiit identifi6e dans TADN de cellules ES normales de 
poulet ne contenant pas le transg&ne ROSA-p-geo. Ces r&ultats d6montraient que* 
dans les cellules 9N2.5, une seule copie du transgdae ROSA-f5-geo est int6gree. 

Dans un second temps, la taille de I'ARNm transcrit k partir du transg&ae a 
6t6 analyst. De TARN de cellules 9N2.5 a 6t& analyst par Northern blot avec une 

25 sonde LacZ. Comme cela est montrS sur la figure 7, un seul transcrit de taille 4,7 kb 
a 6te r6v616. Ce transcrit n'est pas present dans TARN de cellules ES normales. 
Compte tenu de la longueur attendue de la sequence qui doit etre transcrite dans le 
transg&ne ROSA-p-geo, soit 3,9 kb, on doit imaginer que le transcrit r6v£16 dans les 
cellules 9N2.5 contient environ 0,8 kb de sequences issues du gdne cellulaire dans 

30 lequel est ins6r6 le transgdne. Ces sequences cellulaires peuvent se situer sur 
TARNm soit en 5', soit en 3\ soit etre reparties des deux c6t& de la s&juence 
transcrite du transg&ne ROSA-P-geo. Afin de les rechercher en region 5', la 
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technique 5 '-RACE en utilisant le kit Marathon de la soci£t£ Clontech a &6 mise en 
oeuvre. 

A partir d'ARN de celMes 9N2.5, un brin d'ADN complementaire fat 
synth&is6 en utilisant une amorce sp^cifique de la region LacZ, amorce de 
5 sequence (SEQ ID N° 5). 

Aprfe synthase du second brin compl&nentaire de ce premier brin, l'ADN 
compl&nentaire double brin fut U6 k Padaptateur found dans le kit Marathon dont 
la sequence est SEQ ID N° 6. L'ensemble de la sequence fusioimee fut ensuite 
amplifi6 par la technique de PCR en utilisant les amorces SEQ ID N° 7 et SEQ ID 
10 N° 8. 

L'amplification fut realisfe sur une machine 2400 Perkin Elmer dans les 
conditions suivantes: 94°C pendant 30 secondes, puis 5 cycles k 94°C de 5 secondes 
chacun, puis 4 minutes k 72°C, puis 5 cycles k 94°C de 5 secondes chacun, puis 4 
minutes a 70°C, puis 25 cycles k 94°C de 5 secondes chacun, puis 4 minutes k 

15 68°C. Un produit d'amplification de 400 paires de bases fut identifier Ce fragment 
appel6 Fl fut clon6 dans un plasmide pour etre amplified, puis sa sequence exacte fot 
d6termin6e. Nous avons ensuite recherche des sequences situSes en aval de la 
sequence Fl sur l'ARNm transcrit dans les cellules ES en utilisant la technique de 
RT-PCR. Pour cela de TARN de cellules ES normales fut utilise comme matrice 

20 pour synth&iser un ADN compl&nentaire par amoryage au moyen d'une amorce P3 
de sequence SEQ ID N° 9. 

L'ADN complementaire monocat&iaire fut ensuite amplifie par PCR au 
moyen des amorces SEQ ID N° 10 qui correspond k la sequence 5' du fragment 
initialement amplified par la technique S'-RACE, et SEQ ID N° 1 1. 

25 Un fragment appelS CI fut ainsi amplifi6 puis cloni dans un plasmide. La 

sequence exacte de CI fut d6tennin6e (SEQ ID N° 12). 

Afin de confirmer que la sequence CI est bien dans les ARNm qui portent 
aussi la sequence LacZ dans les cellules 9N2.5, une amplification par RT-PCR a 6t6 
effectu6e sur les ARNm issus de ces cellules en utilisant les amorces respectives P4 

30 (SEQ ID N° 13), specifique du fragment CI, et LacZB (SEQ ID N°8), sp6cifique de 
la sequence LacZ. 

Un fragment de 331 paires de bases fut identify La taille de ce fragment 
correspond k celle attendue ce qui indique que la sequence CI et la sequence LacZ 
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se trouvent biea sur un m&ne ARNm. La confirmation &ait ainsi apportfe que la 
s&pience CI doit gtre sp6cifique du g£ne cellulaire dans lequel est ins6r6 le 
transgSne ROSA-P-geo. Ce g&ne a 6te appel6 ens-1 (embryonic normal stem ceil 
gene). 

5 Afin de verifier que le gfene produit bien un AKN messager les ARN 

de cellules ES nonnales de poulet ont 6t6 analyses par la technique de Northern blot 
au moyen de la sonde CI. Comme cela est montr6 sur la figure 8.A, la sonde CI 
identifie un ARN majeur de taille voisine de 4,7 kb ainsi que deux ARN ties 
faiblement marques d'environ 10 kb et 2 kb respectivement 
1 0 A partir de la sequence CI, le clonage de TARNm complet transcrit k partir 

du gene ens-1 a &6 entrepris. 

Pour cela une banque d'ADNc construite k partir d'ARN polyad6nyi& 
isol& de cellules ES de poulet a &6 cribl6e avec des sondes pr^partes k partir du 
fragment CI . 

15 Un ADN compl&nentaire de 4,2 kpb a &6 isol6. Afin de verifier si cet 

ADNc est bien repr&entatif de PARNm transcrit k partir du g&ne ens-1, deux 
sondes nucl6otidiques ont 6t6 pr£par6es, respectivement SI et S2, correspondant k 
deux fragments difi&rents de cet ADNc situ& en aval de la sequence CI. Ces deux 
sondes ont 6t6 utilises pour identifier, par la technique de Northern blot, les ARN 

20 correspondants isoles de cellules ES nonnales de poulet Comme cela est montr£ 
sur la figure 8 A, ces deux sondes identifient im ARN de taille voisine de 4,5 kb, 
identique k celle de TARN majoritaire identifie pr6c£demment avec la sonde CI. 
Comme cela est montr£ plus loin le patron d'expression de cet ARN identify avec 
les deux sondes SI et S2 est identique k celui de l'ARN majoritaire identifie avec la 

25 sonde CI dans les cellules ES nonnales. 

L* ensemble de ces donn&s suggfre trfa fbrtement que les sondes CI, SI et 
S2 reconnaissent le m£me ARNm ens-1 dans les cellules ES nonnales de poulet 

La sequence de PARNm ens-1 est pr&entte dans SEQ ID N° 1, et la 
structure de l'ADNc est pr6sent6e dans la figure 8.B. I/analyse de cette sequence 

30 rSvSle un cadre de lecture de grande longueur pouvant coder pour une piot&ne de 
490 acides amines dont la sequence est presentee par SEQ ID N° 2. H est 4 noter 
que la sequence CI est polymorphique et que celle obtenu k partir du done 
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d'ADNc, et pr6sent6e dans SEQ ID N° 1 , est 16gerement difffcrente de celle obtemie 
preeminent par 5 'RACE (SEQ ID N° 12). 

Afin de v&ifier si le g&ie ens-1 correspond bien an g&ie dans lequel est 
ins&£ le transgftne ROSA-^-geo dans les cellules 9N2.5 le patron ^expression dn 
5 gfcne ens-1 an cours du d6veloppement embryonnaire du poulet et au cours de la 
differentiation des cellules ES de poulet en culture a 6t6 analyst en utilisant la 
technique de Northern blot 

Comme cela est montr£ dans la figure 9, la sonde CI et la sonde SI 
identified le m&ne ARN de 4,5 kb dans les ARN extraits d'embryon de poulet 

1 0 normal de 48 beures. L'intensitg du signal diminue fortement dans les ARN extraits 
d'embryons phis igfe, comme les embryons de 3 jours et de 4 jours. Le signal 
disparait dans les ARN extraits d'embryons ag& de 7 jours ou de 1 8 jours. II est nul 
dans les ARN extraits de divers tissus de poussin comme le foie, le muscle, le 
g&ier, le cerveau, le cceur, Tceil, l'os ou la peau. 

15 Afin de determiner phis pr6cis£ment le patron d 'expression du g&ne ens-1 

durant les premiers stades du d£veloppement de Pembryon de poulet, les ARNm 
ens-1 ont 6t6 recherch& par la technique d'hybridation in situ sur embryon total. 
Les r&ultats sont pr6sent£s sur la figure 10. Un signal tr£s fort fut observe dans 
l'aire pellucide d'embryon aux stade X et XIII (6chelle E-G&K). Dans les 

20 embryons au stade 2 (6chelle H&H), le signal ne fut trouv6 que dans l'aire pellucide 
avec une forte dominance dans la region de la ligne primitive. Au stade 5 (6chelie 
H&H) le signal fut retrouv£ dans le nceud de Hensen et dans la region rostro- 
caudale de la ligne primitive, ainsi que sous une forme tr£s prononcfe dans le 
croissant germinal en position ant&ieure de Pembryon. A des stades plus avances 

25 du ddveloppement embryonnaire, aucun signal significatif ne fut d£tect& Les 
mSmes patrons depression furent observes avec les sondes CI et SI. 
Conclusion 

Le g&ie ens-1 prdsente une expression specifique des cellules ES de poulet 
indiflKrenci6es et des stades trfes pr£coces de Pembryogenese. L* expression du g&ne 
30 devient trfcs faible voire ind&ectable apres Pachevement de la gastrulation. 

Le gfine ens-1 constitue done un marqueur trfes sp6cifique des cellules 
embryonnaires indiff&renci6es, que ces cellules soient pr6sentes dans Pembryon, ou 
qu'elles soient maintenues dans cet &at en culture in vitro. Le g&ne ens-1 est aussi 
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sp6rifique des celhdes du croissant germinal et done des cellules pr6curseurs des 
gamfetes. 

Exemple 7 : Conservation du g&ie ens-1 au cours de Pfivohrtion 
5 Afin d'analyser le degn§ de conservation du g6ne au cours de 

revolution une sonde sp&ifique du g&ie ens-1 de poulet a &6 utilis6e pour hybrider 
de PADN g&iomique provenant de diverses especes animales par la technique du 
southern blot (non montr£). La technique ^amplification de sequence nucl&que par 
PCR entre deux amorces sp&ifiques du gfene ens-1 (SEQ ID N° 14 et SEQ ID N° 

10 15), en utilisant le protocole : 96°C 3 minutes, (96°C 30 s, 62°C 30s, 72°C 30s, 10 
cycles), (96°C 30s, 57°C 30s, 72°C 30s, 10 cycles), (96°C 30s, 52°C 30s, 72°C 30s, 
20 cycles), a 6galement 6te utilisee. Les r&ultats pr&ent& sur la figure 1 1 montrent 
que des sequences homologues sont retrouv6es uniquement dans l'ordre des 
galliformes (poulet, caille, dinde, faisan, perdrix rouge, perdrix grise). II est k noter 

1 5 qu'aucune homologue k ens- J n'est trouv6 chez les mammiffcres (non montr£). 

Exemple 8 : Identification dans le g&ie ens-1 d*une sequence promoteur de 
transcription dont l'activit6 est spfcifique des cellules souches embryonnaires. 

Le g&ne ens-1 a done identifie comme &ant un g&ie sp&nfiquement 

20 exprimd dans les cellules souches embryonnaires de poulet 

Une region promoteur dont 1'activite transcriptionnelle est sp£cifique des 
cellules ES indiffSrencifes de poulet a &6 identifife dans le g&ne ens-1. Les 
applications sont importantes car cela permet de disposer ainsi d*un outil g&ietique 
qui permettrait de cibler l'expression d\m transgdne spfcifiquement dans les cellules 

25 souches embryonnaires et vraisemblablement aussi dans les embryons de poulet au 
stade prfc&ient la gastrulation. 

La presence de sequences r6p&ees aux extr&nitgs du transcrit ens-1 
sugg&ait que ces sequences soient apparent6es aux sequences LTR (long terminal 
30 repeat) des retrovirus. Les LTR de retrovirus sont r6gionalis6es en trois parties, 
respectivement, U3, R et U5 (dans le sens 5*-¥). Dans le g£nome retroviral, la 
region U3 est capable d'activer la transcription avec parfois un contrdle 
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tisso-sp&afique. Dans les ARN messagers r&roviraux, une copie des sequences 
R-U5 setrouveen 5' et une copie des sequences U3-R se trouve en 3 \ 

Par analogue avec la structure des LTR de retrovirus, les regions pouvant 
correspondre aux regions U3, R et U5 des retrovirus ont 6t6 identifies dans TARN 
5 messager du g&ie ens-L La sequence identifite comme &ant r€p#6e aux deux 
extr&nitfa du transmit ens-1 correspond & la region R et la sequence qui 
coirespondrait k la region U3 se localise entre I ! extr6mit6 3' de la sequence codante 
pour ens-1 et I'extr6mit6 5' de R. (fig 12). 

10 Pour tester Tactivite promotrice des regions R et U3-R du gfene ens-1, ces 

regions ont 6t6 clontes dans les deux orientations possibles, sens et antisens, en 
amont da gene rapporteur de la hiciferase de Indole pour obtenir respectivement les 
vecteurs appel6s promoteur 1 et promoteur 2, respectivement sens (S) et anti-sens 
(AS). (Fig 12). Ces constructions ont 6t£ transfecttes dans difiterentes lign&s 

15 celhilaires, dont des cellules souches de poulet 9N2-5, avec pour contrdle interne 
d'efficacite de transfection, Ie vecteur pRL-CMV (Piomega) contenant le g&e de 
hiciferase de la chenille Renilla sous le controle du promoteur du cytomegalovirus. 

La transfection des divers vecteurs promoteur 1 et promoteur 2 dans les 
20 cellules 9N2-5 et la mesure de Tactivitd hicifdrase normalisfe grtce an conlrfile 
intone ont permis d'identifier une activity transcriptionnelJe de la region U3 du 
vecteur promoteur 2S dans les cellules souches embryoimaires de poulet (cellules 
9N2-5) alors que la region R ne montre aucune activity significative (Fig 13). 
L r activit6 du promoteur est par contre tres faible dans les difRrentes autres lign6es 
25 cellulaires test6es (fibroblastes de caille Qt6, cellules £pith61iales de caille QBr ou 
cellules 6pith£liales humaines). D'autre part le vecteur promoteur 2S a 6te transfect£ 
dans des cellules souches embryonnaires 9N2-5 induites & se diff^rentier par 
traitement a 1'acide r&inoique. La mesure de l'activit£ hiciferase dans les cellules k 
diffkmis temps apr£s le traitement par Vacide rgtinoique montre que l'activite 
30 transcriptionnelle du promoteur d&ioit au cours de la chflerenciation des cellules 
souches embryonnaires alors que l'activit6 du promoteur contr61e (CMV) reste 
forte. (Fig 14). 
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L'ensemble de ces r&ultats montre qtfil existe, en 3' de la sequence codante 
du g£ne ensl, une region dot6e d'une activity promotrice de la transcription et que 
cette activity transcriptionnelle est sp£cifique des cellules souches embryonnaires de 
poulet indiflferenciSes. 

En utilisant la technique 5 1 RACE sur le vecteur promoteur 2S il a &6 
possible de determiner un site initiateur de transcription sur la sequence de l'ADNc 
ens-1 (SEQ ID N° 1), ainsi quhme sequence de type promoteur TATA an amont de 
ce site initiateur de transcription. Le promoteur correspond aux nucl6otides 3111- 
3670deSEQIDN o L 

DEPOT DE MATERIEL BIOLOGIQUE 

La Uga6e cellulaire 9N2.5 a &6 d^posfe le 11 Mai 2000 k la Collection 
Nationale de Cultures de Microorganismes (CNCM), 25 rue du Docteur Roux, 
15 75724 Paris Cedex 1 5, France, selon les dispositions du Trait6 de Budapest, sous le 
num&o d'ordre 1-2477, et correspond & la lignSe de cellules souches embryonnaires 
de poulet dans laquelle le transgene ROS A-0-geo lin6aris£ par Dral a 6t& introduit 
par 6lectroporation, et qui ont 6t6 isolfes apres selection au G418, et pour leur 
activity P-galactosidase, ainsi que ddcrit dans Pexemple 1. 
20 Les cellules utilisables pour cultiver les cellules 9N2.5 (fibroblastes de 

souris, STO) ont 6galement ete d6pos6es & la CNCM le 11 Mai 2000, sous le 
num&o SH-2477. 
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Revendications 

1. Acide nucieique purifie ou isoie, caracterise en ce qu'il comprend une sequence 
nucieique cboisie dans le groupe de sequences suivantes : 

5 a) SEQ ID N° 1, on Ie fragment correspondant aux nucleotides 

1409-2878 de SEQ ID N° 1; 

b) la sequence d'un fragment d'au moins IS nucleotides cons^cutife 
d'une sequence cboisie panni SEQ ID N° 1 en particulier le 
fragment correspondant aux nucleotides 3111-3670 de SEQ ID 

10 N° 1 ; 

c) une sequence nucieique presentant un pourcentage d'identite 
d'au moins 80 %, apr£s alignement optimal avec une sequence 
definie en a) ou b), ladite sequence n'etant pas definie par les 
nucleotides 2308-2927 ou 3094-3753 de SEQ ID N° 1 ; 

15 d) une sequence nucieique s'hybridant dans des conditions de foite 

stringence avec une sequence nucieique definie en a) ou b) , 
ladite sequence n'etant pas definie par les nucleotides 2308-2927 
ou 3094-3753 de SEQ ID N° 1 ; 
e) la sequence compiemeataire ou la sequence d'ARN 

20 correspondant & une sequence telle que definie en a), b), c) ou d). 

2. Acide nucieique purifie ou isoie selon la revemdication 1 , caracterise en ce qu'il 
comprend ou est constitue de SEQ ID N° 1, la sequence compiementaire ou la 
sequence d'ARN correspondant & une de ces sequences. 

3. Acide nucieique purifie ou isoie caracterise en ce qu'il code pour un polypeptide 
25 possedant un fragment continu d'au moins 200 acides amines de la proteine 

SEQ ID N° 2. 

4. Polypeptide isoie caracterise en ce qu'il comprend un polypeptide choisi panni : 

a) un polypeptide correspondant i SEQ ID N° 2; 

b) un polypeptide variant d'un polypeptide de sequence definie en 
30 a); 

c) un polypeptide homologue k un polypeptide d6fini en a) ou b), 
comportant au moins 80 % d'homologie avec ledit polypeptide 
dea); 
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d) un fragment d'au moios IS acides aminfe cons6cutils d'un 
polypeptide dfifini en a), b) ou c) ; 

e) un fragment biologiquement actif d'un polypeptide d6fini en a), 
b) ou c). 

5 5. Polypeptide selon la revendication 4, caract6is£ en ce qu'il est constitu6 d'une 
sequence choisie parmi SEQ ID N° 2, ou une sequence poss£dant au moins 80 
% d*homologie avec cette sequence aprfis alignement optimal. 

6. Vecteur de clonage et/ou d'expression comprenant un acide nucl&que selon 
Pune des revendications 1 a 3 ou codant pour un polypeptide selon Tune des 

10 revendications 4 et 5. 

7. Celhile hote caract&is6e en ce qu'elle est transform^ par un vecteur selon la 
revendication 6. 

8. Cellule h6te contenant un acide nucl&que selon Tune des revendications 1 i 3, 
caiact6ris£e en ce qu'il s'agit d'une cellule £S d'oiseau modifite en outre par 

15 introduction d'un g&ne exogdne, ledit gfene exog&ne &ant uniquement et 
specifiquement exprime lorsque ladite cellule est maintenue k P&at pluripotent 

9. Cellule selon la revendication 8, caract6ris6e en ce que ledit gene exog&ne est un 
gfine rapporteur. 

10. Cellule selon la revendication 9, caract6ri$6e en ce que ledit g&ne rapporteur est 
20 choisi paimi lacZ, GFP, lucifSrase, ROSA-P-geo, un gSne de resistance k un 

antibiotique. 

1 1. Cellule hdte contenant un acide nucl&que selon Tune des revendications 1 k 3, 
caract6ris6e en ce qu'il s'agit d'une cellule d'oiseau modifi^e en outre par 
introduction d'un acide nucl&que exog&ne, ledit acide nucl&que exogdne &ant 

25 int6gr6 dans ledit acide nucl&que selon Tune des revendications 1 a 3. 

12. Cellule selon la revendication 1 1, caract&is£e en ce que ledit acide nucl&que 
exog&ne est un gfene d'int&rSt th&apeutique, &ventuellemeat pr6ced6 d'un 
promoteur spatio-temporelle et/ou de sequences tenninatrices. 

13. Cellule selon la revendication 11, caract6ris6e en ce que ledit acide nucl&que 
30 exog&ne est un marqueur g&i&ique. 

14. Cellule selon 1'une des revendications 8 & 13, caracterisee en ce que ledit oiseau 
appartient k 1'ordre des Gallifonnes. 
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15. Cellule selon la revendication 14, caract6ris6e en ce que Iedit oiseau est un 
poulet ou une cattle. 

16. Cellule selon Tune des revendications 14 et 15, caract6ris6e en ce que ledit g£ne 
rapporteur est integr6 sous le controle du prumoteur du g&ne ens-L 

5 17. Cellule selon 1'une des revendications 14 et 15, caract&isde en ce qu'il s'agit 
d'une cellule 9N2.5, d£pos£e k la Collection Nationale des Miaoorganismes le 
1 1 Mai 2000 sous le numfiro d'ordre 1-2477. 
18. Cellule d'oiseau difl&enttee, caract&is6e en ce quelle derive d'une cellule ES 
selon 1'une des revendication 8 & 17. 
10 19. Animal, excepts l'homme, caract6ris6 en ce qu'il comprend une cellule selon 
Tune des revendications 7 h 18. 
20. Utilisation d'une sequence d'acide nucl&que selon Tune des revendications 1 & 
3 en tant que sonde ou amorce, pour la detection et/ou r amplification de 
sequences d'acide nucl&que. 
15 21. Utilisation d\m acide nucl&que selon 1'une des revendications 1 & 3 comme 
oligonucldotide sens ou antisens. 

22. Utilisation d'une sequence d'acide nucl&que selon Tune des revendications 1 & 
3 pour la production d'un polypeptide recombinant 

23. Proc&te d'obtention d*un polypeptide recombinant caract&is6 en ce que Ton 
20 cultive une cellule selon la revendication 7 dans des conditions permettant 

l'expression dudit polypeptide et que Ton r6cup&e ledit polypeptide 
recombinant 

24. Polypeptide recombinant caract&is£ en ce qu'il est obtenu par un proc£d6 selon 
la revendication 23. 

25 25. Anticorps monoclonal ou polyclonal caract£ris£ en ce qu'il lie s61ectivement un 
polypeptide selon 1'une des revendications 4, 5 ou 24. 

26. Proc&te de detection d'un polypeptide selon 1'une des revendications 4, 5 ou 24, 
caract&is£ en ce qu'il comprend les &apes suivantes : 

a) mise en contact d'un 6chantillon biologique avec un anticorps 
30 selon la revendication 25 ; 

b) mise en Evidence du complexe antig&ne-anticorps form6. 

27. Trousse de rSactifs pour la mise en ceuvre d'un proc6d6 selon la revendication 
26, caract6ris6e en ce qu'elle comprend : 
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a) un anticorps monoclonal ou polyclonal selon la revendi cation 
25; 

b) 6ventuellement des r£actifs pour la constitution d'un milieu 
propice k la reaction immunologique ; 

5 c) les r6actifs pennettant la detection du complexe antig£ne- 

anticorps produit lors de la reaction immunologique. 
28. Proc6d6 de determination du caractfere pluripotent d'une cellule ES d'oiseau, 
caract6ris6 en ce qu'on determine la presence d'un produit d'expression du g&ie 
correspondant 1 SEQ ID N°l ou de PARNm de SEQ ID N° 1. 
1 0 29. Proc6d6 selon la revendication 28, caract£ris6 en ce que la detection de PARNm 
de SEQ ID N° 1 s'effectue par Northern Blot ou par RT-PCR en utilisant une 
sonde ou des amorces, par une utilisation selon la revendication 20. 

30. Proc6d6 selon la revendication 28, caract£rise en ce que Ton d&ecte la presence 
de la prottine SEQ ID N° 2, par exemple en utilisant un anticorps selon la 

1 5 revendication 25. 

31. Precede de classification de Pappartenance d'un oiseau k Pordre des 
Galliformes, caract£rise en ce que Pon d&ecte, dans le genome dudit oiseau, la 
presence d'un acide nucteique selon Tune des revendications 1 & 3. 

32. Proc6d6 de determination de la presence d'un echantillon provenant d'un oiseau 
20 de Pordre des Galliformes dans un echantillon alimentaire, caract6ris6 en ce que 

Pon d&ecte, dans ledit echantillon, la presence d'un acide nucieique selon Pune 
des revendications 1 k 3. 

33. Puce k ADN caract&ris6e en ce qu'elle contient une sequence nucieique selon 
l*une des revendications 1 £ 3. 

25 34. Puce a proteines caract^riste en ce qu'elle contient un polypeptide selon Pune 
des revendications 4, 5 ou 24, ou un anticorps selon la revendication 25. 
35. Precede de detection et/ou de dosage d'un acide nucieique selon Pune des 
revendications 1 & 3 dans un echantillon biologique ou alimentaire, caract£ris6 
en ce qu'il comprend les etapes smvantes : 
30 a) mise en contact dudit Schantillon avec un polynucleotide selon 

Pune des revendications 1 k 3, maiqu6 ; 
b) detection et/ou dosage de Phybride form6 entre ledit 
polynucleotide et Pacide nucieique dudit echantillon. 
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36. Procede de d&ection et/ou de dosage d*un acide nucieique selon Fune des 
revendications 1 & 3 dans un echantillon biologique ou alimentaire, caracterise 
en ce qu'il comprend une etape d 'amplification des acides nucieiques dudit 
echantillon k Paide d'amorces choisies parmi les arides nucieiques selon Tune 

5 des revendications 1 & 2. 

37. Precede de criblage d'une substance ou d'un milieu capables d'induire une 
differentiation de cellules pluripotentes, caracterise en ce que qu'il comprend les 
etapes sud vantes : 

a) maintien de cellules ES selon Tune des revendications 7 & 17 
10 dans un milieu de culture pennettant le maintien du phdnotype 

pluripotent ; 

b) ajout de ladite substance dans ledit milieu de culture ou 
^emplacement dudit milieu de culture par le milieu & tester ; 

c) determination de Pinduction de la differentiation par l'absence 
1 5 d'expression de la proteine SEQ ID N° 2 ou du g&e exog&ne. 

38. Precede selon la revendication 37, caracterise en ce qu'il est effectu6 avec des 
cellules selon Tune des revendications 8 h 17. 

39. Precede selon la revendication 37 ou 38, caracterisee en ce que Ton utilise des 
cellules 9N2.5, et que Ton detecte l'absence d'expression de la p-galactosidase. 

20 40. Procede de criblage d'une substance capable de restaurer le caractSre pluripotent 
de cellules differentiees, caracterise en ce que qu'il comprend les etapes 
sui vantes : 

a) maintien de cellules differentiees dans un milieu de culture 
adequat ; 

25 b) ^emplacement dudit milieu de culture par un milieu pennettant 

de maintenir un ph6notype pluripotent, et contenant ladite 
substance h tester ; 
c) determination de la restauration du caract&re pluripotent desdites 
cellules par 1'expression de la proteine SEQ ID N° 2 ou du g£ne 
30 exog&ne, dans lesdites cellules. 

41. Proc6de selon la revendication 40, caracterise en ce qu'il est effectu6 avec des 
cellules differentiees derivant de cellules selon Tune des revendications 8 h 17. 
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42. Proc&te selon la revendication 40 on 41, caract6ris^e en ce que Ton utilise des 
cellules 9N2.5 diff6renti6es, et que Ton d&ecte ^expression de la (J- 
galactosidase. 

43. Milieu ou substance caract6ris6 en ce qu'il est obtenu par un procM6 selon Tune 
5 des revendications 37 a 42. 

44. Compost caract6ris6 en ce qu'il est choisi parmi 

a) un acide nucl&que selon Tune des revendications 1 k 3 ; 

b) un polypeptide selon l*une des revendications 4, Sou 24; 

c) unvecteur selon la revendication 6; 

10 d) une cellule selon Tune des revendications 7 k 17 ; 

e) un anticorps selon la revendication 25 ; . 

f) une substance selon la revendication 43, 
h titre de medicament 

45. Utilisation d'un acide nucl&que correspondent aux nucleotides 3111-3670 de 
15 SEQ ID N° 1 en tant que promoteur d'un g6ae d'int&ret pour une expression 

sp&nfique dudit ggne d'interSt dans des cellules pluripotentes avi aires. 
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LISTE DE SEQUENCES 

<110> IBSTITUT NATIONAL DE RECHERCHE AGRONCMIQOE - INRA 

CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE - QiRS 
6 COLE NORMALE SOP&UEURE DE LYON - ENS LYON 

<120> CELLULES ES MODIFlfiES ET GfeNE SPfiCIETQDE DE CELLULES ES. 

<130> D18898 

<150> FR 00 06029 
<151> 2000-05-11 

<160> 15 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 4177 
<212> ADN 
<213> Poulet 

<220> 
<221> CDS 

<222> (1409).. (2881) 



<400> 1 
cgacagactt 


gaggggttct 


ctgccaactg 


atctctcacc 


gcaatgggta 


gacggatctc 


60 


tacgtggaga 


ctgatctctc 


accacgacac 


gagcttcctg 


ccttccgatc 


ctcctctacg 


120 


gaccgtttgc 


tgacggactt 


ccctgggcct 


gctacctgag 


acctgctgct 


tcctccctga 


180 


cctgcatcct 


ctcgctgccc 


cagaccggcc 


tcgctgctcc 


tgcccttcgg 


cctcggaccg 


240 


tcggaacatc 


gtgcaacggg 


actgctgccg 


gatcctggtg 


gtgactatcc 


ccgctttacg 


300 


caattcttgc 


ctctttctat 


cttttctatc 


gctcgccttc 


ccttccccat 


caccccaatc 


360 


cttaotagcg 


tccgtcctcc 


cctttcccca 


tctcccttat 


taacatttgt 


aataaactgg 


420 


tcggaccaac 


atttgaaccg 


ctgtttctta 


atctcacgcc 


gggcatacat 


atttcaaaga 


480 


acctcttctc 


cctcctataa- 


attggagcga 


gacatttttt 


atggcgtagt 


cggcaggata 


540 


cccgccgtga 


gagtgttgtc 


cttccagata 


atagtctgaa 


actttctgcg 


tgtacctcct 


600 


ggagttgcaa 


gaagcgatac 


ttcttgataa 


cttagacgtg 


agcacctctc 


caggaagatc 


660 


gcttcatact 


ctgaaacttt 


actatttatg 


tgtgtacctc 


tcgaggatgt 


atgaattttg 


720 


tctaattgta 


tttatttaat 


acgtgtgtgc 


ctcctcggga 


agacctctct 


gcattttgtg 


780 


aacccctctc. 


tacgtgtgcg 


cctcttgggg 


aagcaagata 


cacgtttttt 


gacttaaaaa 


840 


acttgtgtgc 


ctcccaagaa 


gttttctcac 


tttgctgaaa 


attgtttatg 


tatgcacctc 


900 


tcgaggacgt 


atgaatcttg 


tctaattgca 


tttaatacgt 


gtgtgcctcc 


tcgggaagac 


960 


ctctctgcat 


tttgtgactt 


aaggatcttg 


caacttaagt 


gtgaaatttg 


aacctctttc 


1020 
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gtgcgtgcct cttggggaag tgaggaagtg atacacgttt tttgatttaa aaaacgtgtg 1080 

cgcttctcca agaagtttat tcactttgtt aatcctagna aagtgttgtt ttagcttaaa 1140 

attaactgtg ggttttgaaa ccgaagtgtg ccttgctttg gtgtggtgtt tgcagttttt 1200 

tgtgtggctt cgcagggaag ttaggagcga ttttaagttg gtttagtctc tttgcccttg 1260 

tgctttcctc aacaaaggga ggcgcaatcg gaacatttac atttctttag ttgtggtgtg 1320 

cctccgtggg agaggcgata aggagttatt tgtacttttg aataggagta cctcctctct 1380 

cagtgtatat ctttctgtgt atttggga atg age aac agt atg gec agt atg 1432 

Met Ser Asn Ser Met Ala Ser Met 
1 5 

aaa agt gaa gat gta tta ttt gat ctt tta gaa aag cat ggt get egg 1480 
Lys Ser Glu Asp Val Lett Phe Asp Leu Leu Glu Lys His Gly Ala Arg 
10 15 20 

cct tct gta tea ggg gtg gat tgg gca cga cag aac tgg tat^ aat ttg 1528 
Pro Ser Val Ser Gly Val Asp Trp Ala Arg Gin Asn Txp Tyr Asn Leu 
25 30 35 40 

caa agt gtt tea gac cgt att cgt gtt tta caa aat gag get cgt act 1576 
Gin Ser Val Ser Asp Arg He Arg Val Leu Gin Asn Glu Ala Arg Thr 
45 50 55 

egg gec gga aaa ggg aaa tct ttt att tgt gca gta etc ggt get get 1624 
Arg Ala Gly Lys Gly Lys Ser Phe He Cys Ala Val Leu Gly Ala Ala 
60 65 70 

tta aaa gca get gtg gag ttc cga gag gaa aag aac tct acg gaa acc 1672 
Leu Lys Ala Ala Val Glu Phe Arg Glu Glu Lys Asn Ser Thx Glu Thr 
75 80 85 

cag agt att caa gca tta cag gaa teg gtt aaa gtg acg caa gaa ttg 1720 
Gin Ser He Gin Ala Leu Gin Glu Ser Val Lys Val Thr Gin Glu Leu 
90 95 100 

gta aaa tct ctg caa age caa ata agg agt ctt gag gat caa tta gaa 1768 
Val Lys Ser Leu Gin Ser Gin He Arg Ser Leu Glu Asp Gin Leu Glu 
105 110 115 120 

aga gaa aaa cac aat teg gtt ctg ttg caa aca get ttt aag gag ctg 1816 
Arg Glu Lys His Asn Ser Val Leu Leu Gin Thr Ala Phe Lys Glu Leu 
125 130 135 

ata acg tgt aag gac acc ggt gac act gtt ate cac agt gca cct caa 1864 
He Thr Cys Lys Asp Thr Gly Asp Thr Val He His Ser Ala Pro Gin 
140 145 150 

gaa aaa gtt tat cct caa ggg aaa tta caa gag gtg aag gaa agg eta 1912 
Glu Lys Val Tyr Pro Gin Gly Lys Leu Gin Glu Val Lys Glu Arg Leu 
155 160 165 

gat aaa tta gag gec tct cca gec cac att cgt cct ttg ata aaa act 1960 
Asp Lys Leu Glu Ala Ser Pro Ala His He Arg Pro Leu He Lys Thx 
170 175 180 

gaa tat act ttc gat aac agt gag aat eta gat cct caa atg aat gtt 2008 
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Glu Tyr Thr Phe Asp Asn Ser Glu Asn Leu Asp Pro Gin Met Asn Val 
185 190 195 200 

aag gaa att ccc ttt teg gec act gaa ctg gec aaa ctg aaa aag gat 
Lys Glu lie Pro Phe Ser Ala Thr Glu Leu Ala Lys Leu Lys Lys Asp 
205 210 215 

ttc agt cgc tec cca aag gag tct gaa aca gag tac gtc tgg aga gtt 
Phe Ser Axg Ser Pro Lys Glu Ser Glu Thr Glu Tyr Val Trp Arg Val 
220 225 230 

agt etc act ggc gga gac cag ate eta eta aca gag aaa gaa get gaa 
Ser Leu Thr Gly Gly Asp Gin lie Leu Leu Thr Glu Lys Glu Ala Glu 
235 240 245 

ggt tac tgg gga cca gga gta ttt tta acc act ggc aat aat cgt get 
Gly Tyr Trp Gly Pro Gly Val Phe Leu Thr Thr Gly Asn Asn Arg Ala 
250 255 260 

ccc tgg tec tta aca cag agg get gec tat tgg gca ggg ggt etc aac 
Pro Trp Ser Leu Thr Gin Arg Ala Ala Tyr Trp Ala Gly Gly Leu Asn 
265 270 275 280 

cct tta gaa agg ggg gac cct ctt get att act gga act ate gac cag 
Pro Leu Glu Arg Gly Asp Pro Leu Ala lie Thr Gly Thr He Asp Gin 
285 290 295 

tta gtg gag aat gtt cag aaa get get tgt etc caa atg atg tat gat 
Leu Val Glu Asn Val Gin Lys Ala Ala Cys Leu Gin Met Met Tyr Asp 
300 305 310 

aga aag ttg cag cca cat aat gaa tea ccc atg atg tta cct gtt aat 
Arg Lys Leu Gin Pro His Asn Glu Ser Pro Met Met Leu Pro Val Asn 
315 320 325 

ccg gag aga ctg aca cct eta ate agg gga ctt cct gaa teg tta aaa 
Pro Glu Arg Leu Thr Pro Leu He Arg Gly Leu Pro Glu Ser Leu Lys 
330 335 340 

cct ata ggt ata caa etc caa gga aag ato caa gec atg tct cag gga 
Pro lie Gly He Gin Leu Gin Gly Lys He Gin Ala Met Ser Gin Gly 
345 350 355 360 

gag aga acc tgg gca gcg ttg gag gga tct gta gec cct aac cac cag 
Glu Arg Thr Trp Ala Ala Leu Glu Gly Ser Val Ala Pro Asn His Gin 
365 370 375 

tea gga ccc aaa gtg tgg act tgg gga gag gtt gec caa gaa tta att 
Ser Gly Pro Lys Val Trp Thr Trp Gly Glu Val Ala Gin Glu Leu He 
380 385 390 

aac tat gga aga aaa tat ggg ccg gtg gtt tct acc tgc agt aaa ttt 
Asn Tyr Gly Arg Lys Tyr Gly Pro Val Val Ser Thr Cys Ser Lys Phe 
395 400 405 

gag cca aga gga gta agg ctt gca gta gec age ctt gee tec agg cct 
Glu Pro Arg Gly Val Arg Leu Ala Val Ala Ser Leu Ala Ser Arg Pro 
410 415 420 

cct age cca aga ctt att gga acc aaa aag gtt tea tec cca gta aaa 
Pro Ser Pro Arg Leu He Gly Thr Lys Lys Val Ser Ser Pro Val Lys 
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2104 



2152 



2200 



2248 



2296 



2344 



2392 



2440 



2488 



2536 



2584 



2632 



2680 
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425 430 435 440 

acg ggg aca cga tgc att gat cat aaa cgc aat gga ctt tgg acn ctg 2776 
Thr Gly Thr Arg Cys lie Asp His Lys Arg Asn Gly Leu Trp Xaa Leu 
445 450 455 

ggc tgg .aca aag ggt att cca cga gat ttg atg aat gga tta ccc aca 2824 
Gly Trp Thr Lys Gly He Pro Arg Asp Leu Met Asn Gly Leu Pro Thr 
460 465 470 . 

gtc aga tta gag aaa tta gtt aac tgc tgg cca gaa caa aag etc aag 2872 
Val Arg Leu Glu Lys Leu Val Asn Cys Trp Pro Glu Gin Lys Leu Lys 
475 480 485 

ggg age tga tgccttcgcc cccccctccc aggtgagegg gaggtgggtg 2921 
Gly Sex 
490 



ggggggtgaa 


gggtggatgt 


ttattaggaa 


gctcacgact 


aaaggaaaca 


atctgttaat 


2982 


tgtttattta 


ttattagtgg 


ttattgtcaa 


at gt acg gtt 


gtctcttttc 


tctcttctat 


3041 


tcattatgta 


atattcatgt 


taccactcct 


gaagaatcac 


ggggtggtgt 


ctatggcaag 


3101 


ttgcattgtg 


tactgttgca 


actcttatgt 


ttgtatgatt 


ccatgtttta 


tacaagatgt 


3161 


tgtatcccct 


atttactttg 


taaccaaacc 


tgaaaaatgt 


ttgtaatgat 


tgtatgaaac 


3221 


at t tga t tec 


acaacccctc 


cctcctttac 


ccttgtgctt 


gctatcttct 


ctcaccacca 


3281 


tggatgecca 


gtgtccaatt 


tttaagcaac 


ctttgagtca 


cggggtggtg 


taagagacta 


3341 


ttcttttata 


tcattgactc 


aaagtttgct 


gaggaacaag 


tccaggcaag 


tcctgggcaa 


3401 


aggcagagaa 


atcttttgtc 


ttgaggacac 


tgatggacag 


gtcctggcta 


aggattgtga 


3461 


aatcctttaa 


ggagcacaga 


tggacaaggc 


caggggcatc 


gagagagaga 


taagctgccg 


3521 


ctaatggccg 


ggaaacggtc 


tttttgtgtg 


gacttatctc 


aaggaaaatg 


gccatctcag 


3581 


gaggtatgea 


caggactctt 


gctcaagccc 


ccaggaatgt 


caegtaggea 


gcagaaaatg 


3641 


gaggataaaa 


gaggtccaat 


aaccacaacg 


gtggaagctg 


atccttcacc 


acaaccacgg 


3701 


caaegggaga 


ngcttatctc 


tcaccacgac 


agacttgagg 


ggttctctgc 


caactgatct 


3761 


ctcaccgcaa 


tgggtagacg 


gatctctacg 


tggagactga 


tctct caeca 


ogacacgagc 


3821 


ttcctgcctt 


ccgatcctcc 


tctacggacc 


gtttgetgat 


ggacttccct 


gggectgeta 


3881 


cctgagacct 


gctgcttcct 


ccctgacctg 


catcctctcg 


ctgccccaga 


ccggcctcgc 


3941 


tgctcctgcc 


cttccgtcgg 


aacatcgtgc 


aacgggactg 


ctgccggatc 


ctggtggtga 


4001 


ctatccccgc 


ttaacgcaat 


tctngcctct 


ttctatcttt 


tntatcgetc 


gccttccctt 


4061 


ccccatcacc 


ccaatcctta 


atagegtccg 


tcctccoctt 


tccccatctc 


ccttattaac 


4121 


atttgtaata 


aactggtegg 


accaacaaaa 


aaaaaaaaaa 


aaaaaaaaaa 


aaaaaa 


4177 



WO 01/85938 



PCT7FR01/01207 



5 



<210> 2 
<211> 4 90 
<212> PRT 
<213> Poulet 

<400> 2 

Met Ser Asn Ser Met Ala Sex Met Lys Ser Glu Asp Val Leu Phe Asp 

15 10 15 

Leu Leu Glu Lys His Gly Ala Arg Pro Ser Val Ser Gly Val Asp Trp 

20 25 30 

Ala Arg Gin Asn Trp Tyr Asn Leu Gin Ser Val Ser Asp Arg He Arg 

35 40 45 

Val Leu Gin Asn Glu Ala Arg Thr Arg Ala Gly Lys Gly Lys Ser Phe 

50 55 60 

He Cys Ala Val Leu Gly Ala Ala Leu Lys Ala Ala Val Glu Phe Arg 
65 70 75 80 

Glu Glu Lys Asn Ser Thr Glu Thr Gin Ser He Gin Ala Leu Gin Glu 

85 90 95 

Ser Val Lys Val Thr Gin Glu Leu Val Lys Ser Leu Gin Ser Gin He 

100 105 110 

Arg Ser Leu Glu Asp Gin Leu Glu Arg Glu Lys His Asn Ser Val Leu 

115 120 125 

Leu Gin Thx Ala Phe Lys Glu Leu He Thr Cys Lys Aap Thr Gly Asp 

130 135 140 

Thr Val He His Ser Ala Pro Gin Glu Lys Val Tyr Pro Gin Gly Lys 
145 150 155 160 

Leu Gin Glu Val Lys Glu Arg Leu Asp Lys Leu Glu Ala Ser Pro Ala 

165 170 175 

His He Arg Pro Leu He Lys Thr Glu Tyr Thr Phe Asp Asn Ser Glu 

180 185 190 

Asn leu Asp Pro Gin Met Asn Val Lys Glu He Pro Phe Ser Ala Thr 

195 200 205 

Glu Leu Ala Lys ieu Lys Lys Asp Phe Ser Arg Ser Pro Lys Glu Ser 

210 215 220 

Glu Thr Glu Tyr Val Trp Arg Val Ser Leu Thr Gly Gly A3p Gin He 
225 230 235 240 

Leu Leu Thr Glu Lys Glu Ala Glu Gly Tyr Trp Gly Pro Gly Val Phe 

245 250 255 

Leu Thr Thr Gly Asn Asn Arg Ala Pro Trp Ser Leu Thr Gin Arg Ala 

260 265 270 

Ala Tyr Trp Ala Gly Gly Leu Asn Pro Leu Glu Arg Gly Asp Pro Leu 

275 280 285 

Ala He Thr Gly Thr He Asp Gin Leu Val Glu Asn Val Gin Lys Ala 

290 295 300 

Ala Cys Leu Gin Met Met Tyr Asp Arg Lys Leu Gin Pro His Asn Glu 
305 310 315 320 

Ser Pro Met Met Leu Pro Val Asn Pro Glu Arg Leu Thr Pro Leu He 

325 330 335 

Arg Gly Leu Pro Glu Ser Leu Lys Pro He Gly He Gin Leu Gin Gly 

340 345 350 

Lys He Gin Ala Met Ser Gin Gly Glu Arg Thr Trp Ala Ala Leu Glu 

355 360 365 

Gly Ser Val Ala Pro Asn His Gin Ser Gly Pro Lys Val Trp Thr Trp 

370 375 380 

Gly Glu Val Ala Gin Glu Leu He Asn Tyr Gly Arg Lys Tyr Gly Pro 
385 390 395 400 

Val Val Ser Thr Cys Ser Lys Phe Glu Pro Arg Gly Val Arg Leu Ala 

405 410 415 

Val Ala Ser Leu Ala Ser Arg Pro Pro Ser Pro Arg Leu He Gly Thr 

420 425 430 

Lys Lys Val Ser Ser Pro Val Lys Thr Gly Thr Arg Cys He Asp His 
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435 440 445 

Lys Arg Asn Gly Leu rrp Xaa Leu Gly Trp Thr Lys Gly lie Pro Arg 

450 455 460 

Asp Leu Met Asn Gly Leu Pro Thr Val Arg Leu Glu Ly3 Leu Val Asn 
465 470 475 480 

Cya Txp Pro Glu Gin Lye Leu Lys Gly Sor 
485 490 



><210> 3 
<211> 22 
<212> ADN 

<213> Escherichia coli 
<220> 

<223> Gene LacZ. 
<400> 3 

tggagtgacg gcagttatct gg 22 



<210> 4 
<2ll> 22 
<212> ADN 

<213> Escherichia coli 
<220> 

<223> Gene LacZ. 
<400> 4 

ggcttcatcc accacataca gg 22 



<210> 5 
<211> 25 
<212> ADN 

<213> Escherichia coli 
<220> 

<223> Gone LacZ. 
<400> 5 

ccgtgcatct gccagtttga gggga 25 



<210> 6 
<211> 44 
<212> ADN 

<213> Sequence artificielle 
<220> 

<223> Description de la sequence artificielle : Adapt at enr 
amorce synthetique. 

<400> 6 

ctaatacgac tcactatagg gctcgagcgg ccgcccgggc aggt 44 



<210> 7 
<211> 27 
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<212> ADN 

<213> Sequence artificielle 
<220> 

<223> Description de la sequence artificielle: Amorce 
synthetique 

<400> 1 

ccatcctaat acgactcact atagggc 



<210> 8 
<211> 20 
<212> ADH 

<213> Escherichia coll 
<220> 

<223> Gene LacZ. 
<400> 8 

gggatccgcc atgtcacaga 



<210> 9 
<211> 44 
<212> ADN 
<213> Poulet 

<220> 

<223> Amorce. 
<400> 9 

actatcgatt ctggaacctt cagaggtttt tttttttttt tttt 



<210> 10 
<211> 21 
<212> ADH 
<213> Poulet 

<220> 

<223> Amorce - 
<400> 10 

gtcgtgcaac gggactgcct g 

<210> 11 
<211> 25 
<212> ADM 
<213> Poulet 

<220> 

<223> Amorce. 
<400> 11 

ctatogattc tggaaccttc agagg 



<210> 12 
<211> 171 
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<212> ADN 
<213> Poulet 

<400> 12 

tcctectcta cggaccgttt gctgacggac ttccctgggc ctgctacctg agacctgctg 60 

cttcctccct gacctgcace ctctcgttgc ccaagaccgg cctcactgct cctgcccttc 120 

ggcctcggac catcggaacg tcgtgcaacg ggactgctgc tgaatcctgg t 171 



<210> 13 
<211> 18 
<212> ADN 
<213> Poulet 

<220> 

<223> Amorce. 



<210> 14 
<211> 21 
<212> ADN 
<213> Poulet 

<220> 

<223> Amorce ensl SI 
<400> 14 

ggatctagat cctcaaatga a 21 

<210> 15 
<211> 19 
<212> ADN 
<213> Poulet 

<220> 

<223> Amorce ensl A31 



<400> 13 

agaccggcct cactgctc 



18 



<400> 15 

aattcttggg caacctctc 



19 
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